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Description 
T]i2 differentiation inhibitors 

5 Technical field 

The present invention relates to agents for inhibiting the differentiation from 
ThO cells to Th2 cells which comprises a tricycHc compound. 

Background art 

10 CD4"^ helper T cells (hereiaafter referred to as Th cells) iavolved in the onset of 

allergic diseases or autoimmune diseases are classified based on the type of the 
cytokines they produce into two tj^jes, namely, type I helper T ceUs (hereinafter referred 
to as Thl cells) and type II helper T ceUs (hereiaafter referred to as Th2 cells). Thl 
ceEs produce IL-2, IFN-y, TNF-|3 and the hke, whereby inducing a cehxilar immunity. 

15 On the other hand, Th2 cells produce IL-4, IL-5, IL-6, IL-10, IL-13 and the hke, 
whereby iaduciag a humoral immimity. 

ThO cells which are common precursors for Thl cells and Th2 cells are 
differentiated uito either Thl cells or Th2 cells in. response to an antigenic stimulation 
and then becomes mature. For example, a bacterium such as Bacdlus tuberculosis 

20 and a virus such as an influenza virus are known to induce the differentiation to Thl 
cells, while allergens such as a mite and a pollen are known to iaduce the 
differentiation to Th2 cells. 

Recently, it has been reported that a polarized existence of Thl ceUs and Th2 
cells in a body is iavolved greatly ia a prevention of infection and induction of allergic 

25 diseases or autoimmime diseases, and it is expected that inhi biting an excessive 

differentiation to Th2 cells serve to give a therapeutic effect against allergic diseases or 
autoimmune diseases iaduced by Th2 cells. 

A compound having a backbone analogous to that of the present invention and 
having an immimosuppressive effect or an antiallergic effect is disclosed for example in 
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WO94/27980, WO95/13067, W096/15123, W095/15318, WO96/40659, WO96/40143, 
WO96/38412,WO96/10012, W097/24356, W097/27181, W097/24324, W097/39999, 
W097/44333, W097/46524, WO98/04508, W098/24766, W098/24782, W098/56785, 
FR2301250, US5593991, JP 47-7368 B, JP 51-91259 A, JP8-3163 A, JP 9-124571 A, JP 
5 9-71564 A, JP9-124571 A, JPll-79993 A, Bioorganic & Medicinal Chemistry Letters, 
Vol.5, No. 18, p2143-2146 (1995), J. Med. Chem., 1974, Vol.17 and No. 11, 1177-1181. 

Disclosure of invention 

An objective of tlie iavention is to provide excellent Tli2 differentiation 
10 inhibitors. 

The present invention provides 
[1] A pharmaceutical composition for use as a Th2 differentiation inhibitor comprisiag 
a compound represented by Formula (1): 

— ^ — / — ^ 

15 wherein each of ring A, ring B and ring C is independently an optionally substituted 
aromatic carbocychc ring or an optionally substituted 5- or 6-membered heterocycMc 
ring which may be fused with a benzene ring, and 

when ring A, ring B and/or ring C is an optionally substituted 5-membered heterocychc 
ring, W\ and/or is a bond; 
20 X is a single bond, -0-, -CH2-, -NR^- (wherein is hydrogen, optionally substituted 

lower alkyl, lower alkenyl or lower alkylcarbonyl) or -S(0)-p- wherein p is an integer of 
0to2; 

Y is hydrogen, optionally substituted lower alkyl, optionally substituted lower alkoxy 
optionally substituted lower alkenyl, optionally substituted lower alkynyl, optionally 
25 substituted acyl, optionally substituted cycloalkyl, optionally substituted cycloalkenyl, 
optionally substituted lower alkoxycarbonyl, optionally substituted sixlfamoyl, 
optionally substituted amino, optionally substituted aryl or optionally substituted 5- or 
6-membered heterocyclyl; 



and Y taken together may form -(CH2)m-, -(CH2)2-T-(CH2)2- wherein T is 0, S or NR', 
-CR'=CH-CH=CR'-, -CH=N-CH=CH-, -N=CH-N=CH-, -C(=0)-0-(CH2),-, -C(=0)-NR'- 
(CH2)r- or -C(=0)-NR'-N=CH- wherein m is 4 or 5, r is 2 or 3 and R' is hydrogen, lower 
altyl or lower alkenyl; 
5 Y may be halogen when X is -CHg- or -NR^- and 

Y may be optionally substituted lower aUtylsulfonyl or optionally substituted 
arylsulfonyl when X is -0- or -NR^-; 

one of and is a suigle bond and the other is -0-, -NH-, -OCH2-, -CH2O-, -CH=CH-, - 
C=C-, -CH(OR^- wherein R^ is hydrogen or lower alkyl, -CO-, -NHCHR^- or -CHR^NH- 
10 wherein R® is hydrogen or hydroxy, 

or a prodrug, pharmaceutically acceptable salt or solvate thereof, 

[2] The pharmaceutical composition for use as a Th2 differentiation inhibitor as 

described in [1] wherein X is -O- or -NR^- wherein R^ is hydrogen, lower alkyl or lower 

alkenyl, 

15 [3] The pharmaceutical composition for use as a Th2 differentiation inhibitor as 

described in [1] wherein Y is optionally substituted lower alkyl or optionally substituted 
lower alkenyl, 

[4] The pharmaceutical composition for use as a Th2 differentiation inhibitor as 
described in [1] wherein both of and are single bonds, 
20 [5] A pharmaceutical composition for use as a Th2 differentiation inhibitor comprisiag 
a compoimd represented by Formula (la): 



wherein each of R^, R^ R^ R^, R«, R^ R'° R", R^^ W\ R^* and R^^ is independently 
hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally substituted 
25 lower alkoxy, carboxy or lower alkoxycarbonyl; 

each of and X^ is independently -0-, -CHg- or -NH-; 

each of Y^ and Y^ is independently optionally substituted lower alkyl, optionally 




(la) 
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substituted arylalkyl or optionally substituted lower alkenyl, 
or a prodrug, pharmaceutically acceptable salt or solvate thereof, 

16] Apbarmaceutical composition for use as a Th2 differentiation inidbitor comprising 
a compound represented by Formula (lb): 

-X^-y (lb) 

wherein ring C is an optionally substituted 5- or 6-membered heterocyclic ring 
containing 1 or 2 hetero atoms, and when ring C is a 5-membered heterocychc ring, 
is a bond and other sjTnbols have the meanings defined in [5], 
or a prodrug, pharmaceutically acceptable salt or solvate thereof, 

[7] A pharmaceutical composition for use as a Th2 differentiation inhibitor comprising 
a compound represented by Formula (Ic): 

(Ic) 

whereicL each of ring A, ring B and riag C is independentiy an optionally substituted 
benzene ring or an optionally substituted 5- or 6-membered heterocyclic ring containiag 
1 or 2 heteroatoms, and 

when riag A, ring B and/or ring C is an optionally substituted 5-membered heterocychc 
ring, W^ and/or is a bond; 

and have the meanings defined iu [5]; 
X^is -O- or -NH-; 

each of and R'' is iadependentiy hydrogen, optionaEy substituted lower alkyl, 
optionally substituted lower alkenyl, optionally substituted aryl, optionally substituted 
cycloalkyl, optionally substituted acyl, optionally substituted lower alkoxycarbonyl or 
optionally substituted lower alkylsulfonyl, or they are taken together to form R°R''C= or 

each of R'' and R'' is iadependentiy hydrogen, optionally substituted lower alkyl, 
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optionally substituted lower alkenyl, optionally substituted lower alkynyl, optionally 
substituted lower alkoxy optionally substituted lower alkylthio, optionally substituted 
lower alkenyloxy, optionally substituted lower alkynyloxy optionally substituted 
cycloalkyl, optionally substituted aryl or optionally substituted 5- or 6-membered 
5 beterocyclyl or they are taken together with a carbon atom to which they are attached 
to form optionally substituted cycloalkyHdene; 

each is independently hydrogen, lower alkyl, lower alkoxy or amino, and each is 
independentiy hydrogen, lower altyl, lower alkoxy or amtao; 
n is an integer of 0 to 2 and s is an integer of 2 to 6, 
10 or a prodrug, pharmaceutically acceptable salt or solvate thereof, 

18] The pharmaceutical composition for use as a Th2 differentiation inhibitor as 
described in [1], [2], [3], [4] or [7] whereia ring A is an optionally substituted benzene 
rhag, 

[9] The pharmaceutical composition for use as a Th2 differentiation ioMbitor as 
15 described in [1], [2], [3], [4] or [7] whereia ring B is an optionally substituted benzene 
ring, 

[10] The pharmaceutical composition for use as a Th2 differentiation hihibitor as 
described in [1], [2], [3], [4], [6] or [7] wherein ring C is an optionally substituted 
benzene ring, an optionally substituted pjo-idine ring, an optionally substituted 
20 pyrimidiae ring, an optionally substituted pyridazine riag or an optionally substituted 
pyraziae ring, 

[llj The pharmaceutical composition for use as a Th2 differentiation inhibitor as 
described in [5] or [6] wherein one of R'' and R^ is hydrogen, hydroxy or lower alkyl and 
the other is hydrogen or halogen, and both of R® and R"^ are hydrogens, 
25 [11-2] The pharmaceutical composition for use as a Th2 differentiation inhibitor as 
described in [5] or [6] whereui one of R* and R^ is hydrogen and the other is halogen, 
and both of R® and R^ are hydrogens, 

[12] The pharmaceutical composition for use as a Th2 differentiation inhibitor as 
described in [5] or [6] wherein each of and R" is independentiy hydrogen, hydroxy. 



lower alkyl or lower alkoxycarbonyl, and each, of and B}° is independently hydroxy, 
lower alkyl, lower alkoxy or lower alkoxycarbonyl, 

[13] Tke pharmaceutical compositioii for use as a Th2 differentiation inhibitor as 
described in [5] wherein each of R^^, R^^, R^^ and R'^is independently hydrogen or 
5 halogen, 

[14] The pharmaceutical composition for use as a Th2 differentiation inhibitor as 
described in [5] or [6] wherein one of and is -0- and the other is -NH-, 
[15] The pharmaceutical composition for use as a Th2 differentiation inhibitor as 
described in [5] or [6] wherein each of and is independently optionally halogen- 
10 substituted lower alkyl or optionally halogen-substituted lower alkenyl, 

[16] The pharmaceutical composition for use as a Th2 differentiation inhibitor as 
described in [5] or [6] wherein one of -X'-Y^ and -X^-Y^ is prenylamino and the other is 
prenyloxy 

[17] The pharmaceutical composition for use as a Th2 differentiation inhibitor as 
15 described in. [6] or [7] which is a therapeutic and/or prophylactic agent against am 
autoimmune disease, 

[18] The pharmaceutical composition for use as a Th2 differentiation inhibitor as 
described in any of [1] to [16] which is a therapeutic and/or prophylactic agent against 
Tilcerative cohtis, myasthenia gravis or lupus nephritis, 
20 [19] A method for treating and/or preventing a disease caused by Th2 ceUs or 

cytokines produced by Th2 cells comprising administering the compoxmd represented 
by Formula (T) according to [1] or a prodrug, pharmaceuticaUy acceptable salt or solvate 
thereof 

[20] A method for inhibiting the differentiation from ThO cehs to Th2 cells comprising 
25 administering the compound represented by Formiila (I) according to [1] or a prodrug, 
pharmaceuticaUy acceptable salt or solvate thereof, 

[21] Use of the compoxmd represented by Formula (I) according to [1] or a prodrug, 
pharmaceuticaUy acceptable salt or solvate thereof for producing a medicament for 
treating and/or preventing a disease caused by Th2 cells or cytokines produced by Th2 



cells, and 

[22] Use of the compound represented by Formula (I) according to [1] or a prodrug, 
pharmaceutically acceptable salt or solvate thereof for producing a medicament for 
inhibiting the differentiation from ThO ceUs to Th2 cells. 

5 

Best mode for carrying out the invention 

In the specification, the term "halogen" includes fluorine, chlorine, bromine 
and iodine. Those preferred especially are fluorine and chlorine. 

The term "lower aLkyl" includes a straight or branched alkyl having 1 to 10, 
10 preferably 1 to 8, more preferably 1 to 6and most preferably 1 to 3 carbon atoms, such 
as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, 
isopentyl, neopentyl, hexyl, isohexyl, n-heptyl, isoheptyl, n-octyl, isooctyl, n-nonyl and 
n-decyl. 

A substituent on "optionally substituted lower alkyl" may for example be 
15 halogen; hydroxy; lower alkoxy which may be substituted by a lower alkoxy; acyl; 

acyloxy; carboxy; lower alkoxycarbonyl; mercapto; lower alkylfhio; amino which may be 
substituted by hydroxy, lower alkyl or optionally substituted acyl; imino which may be 
substituted by hydroxy, lower alkoxy, carboxy-lower alkoxy aryl-lower alkoxy or 5- or 6- 
membered heterocyclyl; hydrazono which may be substituted by carbamoyl or lower 
20 alkoxycarbonyl; hydrazino which may be substituted by lower alkyl, lower alkenyl, 
optionally substituted lower alkyhdene or cycloalkyhdene; aminooxy which may be 
substituted by lower alkyl, lower alkenyl, optionally substituted lower alkyhdene or 
cycloalkyhdene; carbamoyl which maybe substituted by lower alkyl or amino; 
thiocarbamoyl which may be substituted by lower alkyl; cycloalkyl which may be 
25 substituted by lower alkyl or lower alkoxy; cycloalkenyl which may be substituted by 
lower alkyl; cyano; phenyl which may be substituted by one or more substituents 
selected from a group of hydroxy, lower alkyl, carboxy, lower alkoxycarbonyl or lower 
alkoxy; 5- or 6-membered heterocyclyl which may be substituted by lower alkyl and 
which may be fused with a benzene ring. These substituents may substitute at one or 
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more of any possible positions. Those preferred especially are halogen, hydroxy; 
acyloxy; phenyl which may be substituted by lower alkyl or lower alkoxy; or pyridyl. 

An alkyl moiety in "lower alkoxy", "lower alkoxycarbonyl", "lower 
alkylsulfonyl", "lower alkylsulfonyloxy", "lower alkylthio", "lower aLkylamino" and 
"lower alkylenedioxy" has the meaning similar to the term "lower alkyl" described 
above. 

A substituent on "optionally substituted lower alkoxy", "optionally substituted 
lower alkoxycarbonyl", "optionally substituted lower atkylsuUbnyl" and "optionally 
substituted lower alkylthio" may for example be a halogen; hydroxy; lower alkoxy which 
may be substituted by acyloxy; acyl; acyloxy which may be substituted by hydroxy or 
carboxy; carboxy; lower alkoxycarbonyl; lower alkylthio; amino which may be 
substituted by lower alkyl; phenyl which may be substituted by lower alkyl or lower 
alkoxy; heterocyclyl; a heterocyclylcarbonyloxy. These substituents may substitute at 
one or more of any possible positions. 

The term "lower alkyhdene" includes a divalent hydrocarbon group having 1 to 
10, preferably 1 to 6, more preferably 1 to 3 carbon atoms, and those may typically be 
exemplified are methyUdene, ethyhdene, propyhdene, isopropyhdene, butyhdene, 
penlyhdene, hexyHdene, heptyhdene, octylidene, nonyhdene and decyHdene. 

A substituent on "optionally substituted lower alkyhdene" may for example be 
optionally substituted lower alkenyl, optionally substituted lower alkoxy, optionally 
substituted lower alkylthio, optionally substituted cycloalkyl, optionally substituted 
aryl or optionally substituted 5- or 6-membered heterocyclyl. Those preferred are 
lower alkenyl, lower alkoxy, cycloalkyl, phenyl or 5- or 6-membered heterocyclyl. 
These substituents may substitute at one or more of any possible positions. 

The term " lower alkenyl" includes straight or branched alkenyl having one or 
more double bonds at any positions and 2 to 10, preferably 2 to 8, more preferably 3 to 6 
carbon atoms. Those exemplified typically are vinyl, propenyl (2-propenyl, isopropenyl 
and the hke), butenyl, isobutenyl, prenyl, butadienyl, pentenyl, isopentenyl, 
pentadienyl, hexenyl, isohexenyl, hexadienyl, heptenyl, octenyl, nonenyl and decenyl. 



A substituent on "optionally substituted lower alkenyl" is similar to a 
substituent on "optionally substituted lower alkoxy" described above. Lower alkenyl 
may be substituted by these substituents at one or more of any possible positions.. 
Those preferred especially are one substituted by halogen or an unsubstituted group. 
5 A lower alkenyl moiety in "lower alkenyloxy", "lower aLkenyloxycarbonyl" and 

"lower alkenylamino" is similar to that in. "lower alkenyl" described above. 

A substituent on "optionally substituted lower alkenyloxy", "optionally 
substituted lower alkenyloxycaj-bonyl" and "optionally substituted lower aUcenylthio" is 
similar to a substituent on "optionally substituted lower alkoxy" described above. 
10 These substituents may substitute at one or more of any possible positions. 

The term "lower alkynyl" includes stiaight or branched alkynyl having 2 to 10, 
preferably 2 to 8 and more preferably 3 to 6 carbon atoms, and those exempMed 
typically are ethynyl, propynyl (2-propynyl and the hke), butynyl (2-butynyl and the 
hke), pentynyl, hexynyl, heptynyl, octynyl, nonynyl and decynyl. Any of these groups 
15 has one or more triple bonds at any positions, optionally with one or more double bonds. 

A substituent on "optionally substituted lower alkynyl" is similar to a 
substituent on "optionally substituted lower alkoxy" described above. These 
substituents may substitute at one or more of any possible positions. 

The term "acyl" includes straight or branched aliphatic acyl having 1 to 20, 
20 preferably 1 to 15, more preferably 1 to 8, further preferably 1 to 6 and most preferably 
1 to 4 carbon atoms, ahcychc acyl having 4 to 9, preferably 4 to 7 carbon atoms and 
aroyl. Those exemplified typically are formyl, acetyl, propionyl, butyryl, isobut5a'yl, 
valeryl, pivaloyl, hexanoyl, acryloyl, propyoloyl, methacryloyl, crotonoyl, 
cyclopropylcarbonyl, cyclohexylcarbonyl, cyclooctylcarbonyl and benzoyl. 
25 The term "aroyl" means aromatic carbocychc carbonyl and aromatic 

heterocyclylcarbonyl. 

A substituent on "optionally substituted acyl" is similar to a substituent on 
"optionally substituted lower alkoxy", and ahcychc acyl and aroyl may further contain 
lower alkyl as then- substituent. These substituents may substitute at one or more of 



any possible positions. An especially preferred substituent is halogen. 

An acyl moiety on "acyloxy" is similar to "acyl" described above. A substituent 
on "optionally substituted acyloxy" is also similar as ia the case of "optionally 
substituted acyl" described above, and these substituents may substitute at one or more 
5 of any possible positions. 

The term "lower alkylcarbonyl" iacludes aliphatic acyl haviag 2 to 4 carbon 
atoms, such as acetyl, propionyl, butyryl and isobut5Tyl. Acetyl is preferred especially. 

The term "cycloalkyl" includes a carbocyclic group having 3 to 6 carbon atoms, 
such as cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. 
10 A substituent on "optionally substituted cycloalkyl" may for example be lower 

alkyl, halogen, hydroxy, carboxy, lower alkoxycarbonyl, lower alkoxy, lower 
aJkylenedioxy, imiao which may be substituted by lower alkoxy, an aryl or 5- or 6- 
membered heterocyclyl, which may substitute at one or more of any possible positions. 

The term "cycloalkenyl" includes a group having one or more double bonds at 
15 any positions in a cycloalkyl ring described above, and those exemplified typically are 
cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl and cyclohexadienyl. 

A substituent on "optionally substituted cycloalkenyl" is similar to a 
substituent on "cycloalkyl" described above. These substituents may substitute at one 
or more of any possible positions. 
20 The term "cycloalkyhdene" iacludes a divalent carbocychc group haviag 3 to 6 

carbon atoms such as cyclopropyhdene, cyclobutyhdene, cyclopentyhdene and 
cyclohexylLdene. 

A substituent on "optionally substituted cycloalkyhdene" is similar to a 
substituent on "cycloalkyr' described above, and such substituents may substitute at 
25 one or more of any possible positions . Unsubstituted cycloalkyhdene is preferred. 

A substituent on "optionally substituted amino" may for example be optionally 
substituted lower alkyl (a substituent referred here means to be lower alkoxy, cycloalkyl, 
optionally substituted amino (a substituent is aroyl which may be substituted by an 
acyloxy-lower alkoxy), optionally substituted aryl (a substituent is lower alkyl, lower 
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alkoxy, caxboxy, lower alkoxycarbonyl) or heterocyclyl); lower alkenyl; lower alk5Tiyl; 
cycloalkyl; aryl which may be substituted by lower alkyl, carboxy, acyl or lower 
alkoxycarbonyl; sxilfamoyl which may be substituted by lower alkyl; optionally 
substituted lower alkoxycarbonyl (a substituent referred here means to be halogen, 
5 acyloxy hydroxy-substituted acyloxy carboxy-substituted acyloxy or 

heterocyclylcarhonyloxy); lower alkylsulfonyl and the Hke. These substituents may 
substitute at one or more of any possible positions. 

The term "optionally substituted carbamoyl" iacludes carbamoyl which may be 
substituted by one or more groups selected fifom lower alkyl, lower alkenyl, lower 
10 alkynyl and the hke. 

The term "optionally substituted sulfamoyl" iacludes sulfamoyl which may be 
substituted by one or more groups selected from lower alkyl, lower alkenyl, lower 
alkynyl and the hke. 

The term "aromatic carbocychc ring" is a monocycUc or polycycHc aromatic 
15 carbocycHc ring, such as a benzene ring, a naphthalene riag, an anthracene ring and a 
phenanthrene ring. A benzene riag is preferred especially. An "aromatic carbocychc 
ring" may also be fused with one or more other carbocychc rings, and thus includes an 
iadane ring, an indene riag and a dihydronaphthalene ring. 

The term "aryl" is a group formed by deleting one hydrogen from a monocychc 
20 or polycychc aromatic carbocycHc ring, such as phenyl, naphthyl, aathryl and 

phenanthryl. One preferred especially is phenyl. "Aryl" may also be fused with one 
or more other carbocychc riags, and may have a bond in the carbocychc ring with which 
it is fused. For example, indanyl, iadenyl and dihydronaphthyl are included. 
A substituent on "optionally substituted aromatic carbocychc ring" 
25 and"optionally substituted aryl" may for example be halogen; hydroxy; lower alkyl 
which may be substituted by halogen or carboxy; lower alkoxy which may be 
substituted byhalogen, aryl, heteroaryl or lower alkoxy; lower alkenyl; lower alkynyl; 
cycloalkyl; lower alkenyloxy; lower alkynyloxy; cycloalkoxy; acyl; acyloxy; carboxy; lower 
alkoxycarbonyl; lower alkenyloxycarbonyl; lower alkylthio; lower alk3inylthio; amino 



which, may be substituted by lower alkyl, cycloalkyl-lower alkyl, aryl-lower alkyl, 
heteroaryl-lower alkyl, lower alkenyl, cycloalkyl, optLonally halogen-substituted acyl, 
lower alkoxycarbonyl or lower alkylsulfonyl; hydraziuo which may be substituted by 
lower alkyl, lower alkenyl, optionally substituted lower alkyhdene or cycloalkyhdene; 
5 aminooxy which may be substituted by lower alkyl, lower alkenyl, optionally 

substituted lower alkyhdene or cycloalkyhdene; guanidino; nitro; lower alkylsulfonyl; 
dihydroxyboryl; lower alkylsulfonyloxy which may be substituted by halogen; 
arylsulfonyl; arylsuhbnyloxy; aryl; or a 5- or 6-membered heterocychc group. These 
may substitute at one or more of any possible positions. Those exemplified preferably 

10 are halogen; hydroxy; lower alkyl which may be substituted by halogen; lower alkoxy 
which may substituted by aryl or lower alkoxy; lower alkenyloxy; acyloxy; lower 
alkylthio; amino which may be substituted by lower alkyl, lower alkenyl, optionally 
halogen-substituted acyl or lower alkylsulfonyl; nitro; lower alkylsulfonyl; lower 
alkylsulfonyloxy which may substituted by halogen; or arylsulfonyloxy. 

15 An aryl moiety in "arylsulfonyl" and "arylsulfonyloxy" is similar to "aryl" 

described above, with phenyl beiag preferred especially. 

Asubsti-tuent on "optionally substituted arylsulfonyl" is similar to substituent 
on "optionally substituted aryl" described above, and may substitute at one or more of 
any possible positions. An unsubstituted group is preferred especially. 

20 A "5- or 6-membered heterocychc ring" includes a 5- or 6-membered 

heterocychc ring having 1 or more heteroatoms selected from O, S and N, and may 
typically be an aromatic heterocychc riag such as pyrrole, imidazole, pyrazoie, pyridine, 
pyridazine, pyrimidine, p3a'azine, triazole, triazine, isoxazole, oxazole, oxadiazole, 
isothiazole, thiazole, thiadiazole, furan and thiophene rings as well as a non-aromatic 

25 heterocychc ring such as tetrahydropyran, dihydropyridine, dihydropyridazine, 

dihydropyrazine, dioxane, oxathiolane, thiaae, pyrrohdine, pyrrohne, imidazohdine, 
imidazoline, pyrazohdime, pyrazohne, piperidine, piperazine and morphohne rings. 

A "5- or 6-membered heterocychc ring" represented by ring A, ring B or ring C 
is preferably a pyridine ring and a pyrimidine ring each haAdng a bond at 2- and 5- 
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positions, respectively. 

The term "5- or 6-raembered heterocyclic ring having one or two 
heteroatoms"includes an aromatic heterocychc ring such as pyrrole, imidazole, pyrazole, 
pyridine, pyridazine, pyrimidine, pyxazine, isoxazole, oxazole, isothiazole, thiazole, 
5 furan and thiophene rings as well as a non-aromatic heterocychc ring such as dioxane, 
oxathiolane, thiane, dihydropyridine, pyrrohdine, pyrrohne, imidazohdine, imidazoline, 
P3Tazohdine, pjrrazohne, piperidine, piperaziae and morpholine rings among a "5- or 6- 
membered heterocychc ring". An aromatic heterocychc ring is preferred especially. 

A "5- or 6-membered heterocychc group" represented by Y and Y' is preferably 
10 4-pyridyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, l,2-dihydropyridin-5-yl, 2,3- 
dihydropyridazin-6-yl, l,2-dihydropyrazia-5-yl and the hke. 

A "5- or 6-membered heterocychc ring which may be fused with a benzene 
ring" may for example be ifldole, isoindole, benzimidazole, indazole, cinaohne, 
phthalazine, quinazohne, benzisoxazole, benzoxazole, benzoxadiazole, benzothiazole, 
15 benzisothiazole, benzofuran, benzothiophene, benzotriazole, isobenzofuran, indohae, 
isoindohne and chromene rings. Each of these may have a bond in a fusing 
heterocychc ring. 

A substituent on an "optionaUy substituted 5- or 6-membered heterocyclic 
ring" and an " optionally substituted 5- or 6-membered heterocychc ring which may be 

20 fused with a benzene ring" may for example be halogen; hydroxy; lower alkyl which 
may be substituted by hydroxy or acyloxy; lower altoxy which may be substituted by 
halogen, aryl ora 5- or 6-membered heterocychc group; lower alkenyl; lower alkenyloxy; 
lower alkynyl; lower alkynyloxy; acyloxy; carboxy; lower alkoxycarbonyl; mercapto; 
lower alkylthio; lower alkenylthio; amino which may be mono- or di-substituted by 

25 halogen, optionally substituted lower alkyl (a substituent is cycloalkyl or a 5- or 6- 
membered heterocychc group), optionaUy halogen-substituted acyl, lower alkenyl, 
cycloalkyl or lower alkylsulfonyl; imiao which may be substituted by lower 
alkylsiilfonyl; hydrazine which may be substituted by lower alkyl, lower alkenyl, 
optionally substituted lower alkyhdene or cycloalkyhdene; aminooxy which may be 
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substituted by lower alkyl, lower alkenyl, optionally substituted lower alkylidene or 
cycloalkyMene; nitro; lower alkylstdfonyl; aryl; a 5- or 6-ineinbered heterocyclic group; 
oxo; or oxide, each of which may substitute at one or more of any possible positions. 

While a substituent on an "optionally substituted 5- or 6-membered 
5 heterocychc ring containing 1 or 2 heteroatoms" is s imil ar to those described above, one 
which is substituted by lower alkyl or which is imsubstituted is preferred. 

The expression "when ring A, ring B and/or ring C is an optionally substituted 
5-membered heterocychc ring, W^ and/or is a bond" means that when ring A is a 
5-membered heterocychc ring. is a bond to give the positions where and X are 
10 bound to ring A represented by the formula: 



Similarly when rkig B or ring C is a 5-membered heterocyclic ring, or is a bond 
to give the positions where and are bound represented by the formula: 



15 Each of X, V and may directly be bound to a heteroatom which is a constituent of 
ring A, ring B and ring C, respectively. 

The expression "R" and are taken together to form -(CR''R*)s-" means that 
R'' and are taken together with nitrogen atom to which they are attached to form 
optionaEy substituted nitrogen-containing saturated heterocychc ring, including, for 

20 example, optionally substituted aziridine, optionally substituted azetidine, optionally 
substituted pjTrrohdine, optionally substituted piperidine and optionally substituted 
perhydroazepine (a substituent here denotes lower alkyl, lower alkoxy or amino). 
Each of a plural of R" and R^ is iiidependentiy hydrogen, lower alkyl, lower alkoxy or 
amino, typically mcluding -(CHa)^-, -(CRz)^-, -CH(Me)(CH2)3-. -CH2CH(OMe)(CH2)3-, - 

25 (CH2)3CH(NH2)(CH2)2- and the hke. 

Th2 differentiation inhibitors of the invention may include a pharmaceuticaUy 
acceptable salt of Compound (T). Such pharmaceuticaUy acceptable salt may for 





or 



14 



example be a salt of a mineral acid such, as tydrochloric acid, sulfuric acid, nitric acid, 
phosphoric acid, hydrofluoric acid and a hydrobromic acid; a salt of an organic acid such 
as formic acid, acetic acid, tartaric acid, lactic acid, citric acid, fumaric acid, maleic acid 
and succinic acid; a salt of an organic base such as ammoniirm, trimethylammonium 
5 and triethyiammonium; a salt of an alkaline metal such as sodium and potassitim as 
well as a salt of an alkaline earth metal such as calciiim and magnesium. 

Th2 differentiation inhibitors of the invention include a solvate (preferably a 
hydrate) of Compound (I). Such solvate may for example be a solvate with an organic 
solvent and/or water. When a hydrate is formed, a desired number of water molecules 
10 may be coordinated. 

Th2 differentiation inhibitors of the invention include all stereoisomers (for 
example an atropic isomer and the lite) of Compound (I). 

While any Compound (1) has a Th2 differentiation inhibiting effect, those 
preferred especially are listed below. 
15 Compounds represented by Formula (1) wherein: 

1) ring A is an optionally substituted aromatic carbocychc ring or an optionally 
substituted 5- or 6-membered heterocychc ring (hereinafter expressed as "ring A is A- 

1"); 

ring A is an optionally substituted benzene ring or an optionally substituted 6- 
20 membered heterocyclic ring (hereinafter expressed as "ring A is A-2"); 

ring A is an optionally substituted benzene ring (hereinafter expressed as "ring A is A- 
3"); 

ring A is a benzene ring which may have a substituent (halogen, hydroxy, lower alkyl, 
lower alkoxy, carboxy or lower alkoxycarbonyi) (hereinafter expressed as "ring A is A- 
25 4"); 

ring A is a benzene ring which may have a substituent (halogen, kydroxy or lower 
alkoxy) (hereinafter expressed as "ring A is A- 5"); 

ring A is a benzene ring which may be substituted with halogen (hereinafter expressed 
as "riugAis A-6"); 



2) ring B is an optionally substituted aromatic carbocycKc ring or an optionally 
substituted 5- or 6-niembered heterocyclic ring (hereinafter expressed as "ring B is B- 

1"); 

ring B is an optionally substituted benzene ring or an optionally substituted 6- 

membered heterocyclic ring (hereinafter expressed as "ring B is B-2"); 

ring B is an optionally substituted benzene ring (hereinafter expressed as "ring B is B- 

3"); 

ring A is a benzene ring which may have a substituent (halogen, hydroxy, optionally 

substituted lower alkyl, optionally substituted lower alkoxy or optionally substituted 

lower alkoxycarbonyl) (hereiaafter expressed as "ring B is B-4"); 

rhig B is a benzene ring which may have a substituent (hydroxy, lower alkyl, lower 

alkoxy or lower Edkoxycarbonyl) (hereiaafter expressed as "ring B is B-5"); 

riag B is a group selected from: 



Me 



Me Me Me Me MeO Me MeO Me 



^ _^ ^ 

Me OMe Me Me '^"^ '^''"'^ 

Me Me Me Me 



Me 
M( 



Me 
Me 



Me 
Me 



Me 



Me 
Me^ Me 



MeOOC Me 



M 

Me OH 
OMe 



HO Me 



Me 
Me 



HO OMe 
EtO Me 



nil ' r\m- ^/t^ 



Me 

(hereinafter expressed as ring "B is B-6"); 

3) ring C is an optionally substituted aromatic carbocychc riag or an optionally 
substituted 5- or 6-membered heterocychc ring (hereinafter expressed as "ring C is C- 
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1"); 

ring C is an optionally substituted benzene ring or an optionally substituted 6- 
membered heterocyclic riag containing 1 or 2 heteroatoms (hereiaafter expressed as 
"ring C is C-2"); 

5 ring C is an optionally substituted benzene ring, an optionally substituted pja-idine ring, 
an optionally substituted pyrimidine ring, an optionally substituted pyridaziae riag or 
an optionally substituted pyrazine ring (hereinafter expressed as "ring C is C-3"); 
riag C is a benzene riag, a pyridine ring, a pyrimidine ring, a pyridazine riag or a 
pyraziae riag (wtdch may be substituted by halogen, lower alkyl, lower alkoxy, lower 
10 alkenyloxy or lower alkenylamino) (hereinafter expressed as "ring C is C-4"); 

ring C is a benzene riag or a pyridine riag (which may be substituted by halogen, lower 
alkyl, lower alioxy, lower alkenyloxy or lower alkenylamino) (hereinafter expressed as 
"riag C is C-5"); 

4) X is -0-, -CH.2- or -NR^- whereia is hydrogen or optionally substituted lower alkyl 
15 (hereiaafter expressed as "X is X-1"); 

X is -0-, -CH2- or -NH- (hereiaafter expressed as "X is X-2"); 
X is -O- or -NH- (hereiaafter expressed as "X is X-3") or 
X is -NH- (hereiaafter expressed as "X is X-4"); 

5) Y is hydrogen, optionally substituted lower alkyl, optionally substituted lower 
20 alkenyl or optionally substituted cycloalkyl (hereinafter expressed as "Y is Y-1"); 

Y is hydrogen, lower alkyl, arylalkyl, lower alkenyl or cycloalkyl (hereinafter expressed 
as 'YisY-2"); 

Y is lower alkyl, benzyl or lower alkenyl (hereiaafter expressed as "Y is Y-3"); 

Y is prenyl (hereiaafter expressed as "Y is Y-4"); 
25 6) both of and are siagle bonds; 

7) riag A, ring B, ring C, X and Y axe ia any of the combiaations shown below and both 
of and "V^ are single bonds. 

(A-3, B-3, C-2, X-2, Y-1), (A-3, B-3, C-2, X-2, Y-3), (A-3, B-3, C-2, X-2, Y-4), (A-3, B-3, C-2, X-3, 
Y-1), (A-3, B-3, C-2, X-3, Y-3), (A-3, B-3, C-2, X-3, Y-4), (A-3, B-3, C-4, X-2, Y-1), (A-3, B-3, C-4, 



X-2, Y-3), (A-3, B-3, C-4, X-2, Y-4), (A-3, B-3, C-4, X-3, Y-1), (A-3, B-3, C-4, X-3, Y-3), (A-3, B-3, 
C-4, X-3, Y-4), (A-3, B-^ C-5, X-2, Y-1), (A-3, B-3, C-5, X-2, Y-3), (A-3, B-3, C-5, X-2, Y-4), (A-3, 
B-3, C-5, X-3, Y-1), (A-3, B-3, C-5, X-3, Y-3), (A-3, B-3, C-5, X-3, Y-4), (A-3, B-4, C-2, X-2, Y-1), 
(A-3, B-4, C-2, X-2, Y-3), (A-3, B-4, C-2, X-2, Y-4), (A-3, B-4, C-2, X-3, Y-1), (A-3, B-4, C-2, X-3, 
5 Y-3), (A-3, B-4, C-2, X-3, Y-4), (A-3, B-4, C-4, X-2, Y-1), (A-3, B-4, C-4, X-2, Y-3), (A-3, B-4, C-4, 
X-2, Y-4), (A-3, B-4, C-4, X-3, Y-1), (A-3, B-4, C-4, X-3, Y-3), (A-3, B-4, C-4, X-3, Y-4), (A-3, B-4, 
C-5, X-2, Y-1), (A-3, B-4, C-5, X-2, Y-3), (A-3, B-4, C-5, X-2, Y-4), (A-3, B-4, C-5, X-3, Y-1), (A-3, 
B-4, C-5, X-3, Y-3), (A-3, B-4, C-5, X-3, Y-4), (A-3, B-6, C-2, X-2, Y-1), (A-3, B-6, C-2, X-2, Y-3), 
(A-3, B-6, C-2, X-2, Y-4), (A-3, B-6, C-2, X-3, Y-1), (A-3, B-6, C-2, X-3, Y-3), (A-3, B-6, C-2, X-3, 
10 Y-4), (A-3, B-6, C-4, X-2, Y-1), (A-3, B-6, C-4, X-2, Y-3), (A-3, B-6, C-4, X-2, Y-4), (A-3, B-6, C-4, 
X-3, Y-1), (A-3, B-6, C-4, X-3, Y-3), (A-3, B-6, C-4, X-3, Y-4), (A-3, B-6, C-5, X-2, Y-1), (A-3, B-6, 
C-5, X-2, Y-3), (A-3, B-6, C-5, X-2, Y-4), (A-3, B-6, C-5, X-3, Y-1), (A-3, B-6, C-5, X-3, Y-3), (A-3, 
B-6, C-5, X-3, Y-4), 

(A-4, B-3, C-2, X-2, Y-1), (A-4, B-3, C-2, X-2, Y-3), (A-4, B-3, C-2, X-2, Y-4), (A-4, B-3, C-2, X-3, 
15 Y-1), (A-4, B-3, C-2, X-3, Y-3), (A-4, B-3, C-2, X-3, Y-4), (A-4, B-3, C-4, X-2, Y-1), (A-4, B-3, C-4, 
X-2, Y-3), (A-4, B-3, C-4, X-2, Y-4), (A-4, B-3, C-4, X-3, Y-1), (A-4, B-3, C-4, X-3, Y-3), (A-4, B-3, 
C-4, X-3, Y-4), (A-4, B-3, C-5, X-2, Y-1), (A-4, B-3, C-5, X-2, Y-3), (A-4, B-3, C-5, X-2, Y-4), (A-4, 
B-3, C-5, X-3, Y-1), (A-4, B-3, C-5, X-3, Y-3), (A-4, B-3, C-5, X-3, Y-4), (A-4, B-4, C-2, X-2, Y-1), 
(A-4, B-4, C-2, X-2, Y-3), (A-4, B-4, C-2, X-2, Y-4), (A-4, B-4, C-2, X-3, Y-1), (A-4, B-4, C-2, X-3, 
20 Y-3), (A-4, B-4, C-2, X-3, Y-4), (A-4, B-4, C-4, X-2, Y-1), (A-4, B-4, C-4, X-2, Y-3), (A-4, B-4, C-4, 
X-2, Y-4), (A-4, B-4, C-4, X-3, Y-1), (A-4, B-4, C-4, X-3, Y-3), (A-4, B-4, C-4, X-3, Y-4), (A-4, B-4, 
C-5, X-2, Y-1), (A-4, B-4, C-5, X-2, Y-3), (A-4, B-4, C-5, X-2, Y-4), (A-4, B-4, C-5, X-3, Y-1), (A-4, 
B-4, C-5, X-3, Y-3), (A-4, B-4, C-5, X-3, Y-4), (A-4, B-6, C-2, X-2, Y-1), (A-4, B-6, C-2, X-2, Y-3), 
(A-4, B-6, C-2, X-2, Y-4), (A-4, B-6, C-2, X-3, Y-1), (A-4, B-6, C-2, X-3, Y-3), (A-4, B-6, C-2, X-3, 
25 Y-4), (A-4, B-6, C-4, X-2, Y-1), (A-4, B-6, C-4, X-2, Y-3), (A-4, B-6, C-4, X-2, Y-4), (A-4, B-6, C-4, 
X-3, Y-1), (A-4, B-6, C-4, X-3, Y-3), (A-4, B-6, C-4, X-3, Y-4), (A-4, B-6, C-5, X-2, Y-1), (A-4, B-6, 
C-5, X-2, Y-3), (A-4, B-6, C-5, X-2, Y-4), (A-4, B-6, C-5, X-3, Y-1), (A-4, B-6, C-5, X-3, Y-3), (A-4, 
B-6, C-5, X-3, Y-4), 

(A-6, B-3, C-2, X-2, Y-1), (A-6, B-3, C-2, X-2, Y-3), (A-6, B-3, C-2, X-2, Y-4), (A-6, B-3, C-2, X-3, 
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Y-1), (A-6, B-3, C-2, X-3, Y-3), (A-6, B-3, C-2, X-3, Y-4), (A-6, B-3, C-4, X-2, Y-1), (A-6„ B-3, C-4, 
X-2, Y-3), (A-6, B-3, C-4, X-2, Y-4), (A-6, B-3, C-4, X-3, Y-1), (A-6, B-3, C-4, X-3, Y-3), (A-6, B-3, 
C-4, X-3, Y-4), (A-6, B-3, C-5, X-2, Y-1), (A-6, B-3, C-5, X-2, Y-3), (A-6, B-3, C-5, X-2, Y-4), (A-6, 
B-3, C-5, X-3, Y-1), (A-6, B-3, C-5, X-3, Y-3), (A-6, B-3, C-5, X-3, Y-4), (A-6, B-4, C-2, X-2, Y-1), 
5 (A-6, B-4, C-2, X-2, Y-3), (A-6, B-4, C-2, X-2, Y-4), (A-6, B-4, C-2, X-3, Y-1), (A-6, B-4, C-2, X-3, 
Y-3), (A-6, B-4, C-2, X-3, Y-4), (A-6, B-4, C-4, X-2, Y-1), (A-6, B-4, C-4, X-2, Y-3), (A-6, B-4, C-4, 
X-2, Y-4), (A-6, B-4, C-4, X-3, Y-1), (A-6, B-4, C-4, X-3, Y-3), (A-6, B-4, C-4, X-3, Y-4), (A-6, B-4, 
C-5, X-2, Y-1), (A-6, B-4, C-5, X-2, Y-3), (A-6, B-4, C-5, X-2, Y-4), (A-6, B-4, C-5, X-3, Y-1), (A-6, 
B-4, C-6, X-3, Y-3), (A-6, B-4, C-5, X-3, Y-4), (A-6, B-6, C-2, X-2, Y-1), (A-6, B-6, C-2, X-2, Y-3), 
10 (A-6, B-6, C-2, X-2, Y-4), (A-6, B-6, C-2, X-3, Y-1), (A-6, B-6, C-2, X-3, Y-3), (A-6, B-6, C-2, X-3, 
Y-4), (A-6, B-6, C-4, X-2, Y-1), (A-6, B-6, C-4, X-2, Y-3), (A-6, B-6, C-4, X-2, Y-4), (A-6, B-6, C-4, 
X-3, Y-1), (A-6, B-6, C-4, X-3, Y-3), (A-6, B-6, C-4, X-3, Y-4), (A-6, B-6, C-5, X-2, Y-1), (A-6, B-6, 
C-5, X-2, Y-3), (A-6, B-6, C-5, X-2, Y-4), (A-6, B-6, C-5, X-3, Y-1), (A-6, B-6, C-5, X-3, Y-3), (A-6, 
B-6, C-5, X-3, Y-4). 

15 

Compounds represented by Formula (la) wherein: 

1) a compound wherein each of R'^, R*' aiLd R'^ is tadependently hydrogen, halogen, 
hydroxy, lower alkyl, lower alkoxy, carboxy or lower alkoxycarbonyl (hereinafter 
expressed as "R"* to R'' are R47-1"); 

20 a compovmd whereia each of R^, R^ R® and R^ is independently hydrogen or halogen 
(hereiaafter expressed as "R^ to R'^ are R47-2"); 

a compoxmd whereia one of R* and R^ is hydrogen and the other is halogen, and both of 
R^ and R^ are hydrogens (hereinafter expressed as "R^ to R'^ are R47-3"); 

2) a compound wherein each of R^, R^, R^° and R" is independently hydrogen, halogen, 
25 hydroxy, optionally substituted lower alkyl, optionally substituted lower alkoxy, caiboxy 

or optionally substituted lower alkoxycarbonyl (hereiaafter expressed as "R^ to R" are 
R811-r); 

a compound whereia each of R®, R^ R^°aiLd R^^ is iadependently hydrogen, hydroxy, 
lower alkyl, lower alkoxy or lower alkoxycarbonyl (hereiaafter expressed as "R^ to R" 
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are R811-2"); 

a compound wherein each of and R^^ is independently hydrogen, hydroxy, lower alkyl 
or lower alkoxycarbonyl, and each of R^ and R^^^ is independently hydroxy, lower alkyl, 
lower alkoxy or lower alkoxycarbonyl (hereinafter expressed as "R*^ to R" are R811-3"); 
5 a compound wherein R® is hydrogen or lower alkyl, R'' is hydroxy, lower alkyl or lower 
alkoxy, R^° is hydroxy, lower alkyl, lower aJioxy or lower alkoxycarbonyl and R^'- is 
hydrogen, hydroxy, lower alkyl or lower alkoxycarbonyl (hereinafter expressed as "R^ to 
Rii are R811-4"); 

a compound wherein the combination of R^, R'^, R^°and R" is similar to that in B-6 
10 described above (hereinafter expressed as "R^ to R^^ are R811-5"); 

3) a compound wherein each of R^^, R^^ R^*and R^^ is independently hydrogen, halogen, 
hydroxy, lower alkyl, lower alkoxy, carboxy or lower alkoxycarbonyl (hereinafter 
expressed as "R^" to R^^ are R1215-1"); 

a compound wherein each of R'^^, R^^, R^^ and R^^ is independently hydrogen or halogen 
15 (hereinafter expressed as "R^^ to R'^ are R1215-2"); 

a compound wherein all of R^^, R^^ R^*and R^^ are hydrogens (hereinafter expressed as 
"Ri2toR^=areRl215-3"); 

4) a compound wherein each of and is independently -0- or -NH- (hereinafter 
expressed as " and X^ are X12-1"); 

20 a compoxmd wherein one of X^ and X^ is -O- and the other is -NH- or both are -NH- 
(hereinafter expressed as " X^ and X^ are X12-2"); 

5) a compoTmd wherein each of and is independently hydrogen, optionally 
substituted lower alkyl, optionally substituted lower alkenyl or optionally substituted 
cycloalkyl (hereinafter expressed as " and Y^ are Y12-1"); 

25 a compound wherein each of Y^ and Y^ is independently hydrogen, optionally halogen- 
substituted lower alkyl, aryl alkyl, lower alkenyl or cycloalkyl (hereinafter expressed as 
"Y^ and Y^ are Y12-2"); 

a compound wherein each of Y^ and Y^ is independently optionally halogen- substituted 
lower alkyl or optionally halogen-substituted lower alkenyl (hereinafter expressed as " 

20 



andY2areYl2-3"); 

a compound wherein one of and Y^ is prenyl and tlie other is optionally halogen- 
substituted lower altyl or optionally halogen-substituted lower alkenyl (hereinafter 
expressed as " Y^ and Y^ are Y12-4"); 
5 a compound whereni both of Y^ and Y^ are prenyls (hereinafter expressed as " Y^ and Y^ 
areY12-5"); 

6) a compound wherein to R^, R« to R", R^^ to Rl^ and and Y^ and Y^ are in any 
of the combinations shown below; 
(R47-1, R811-4, R1215-1, X12-1, Y12-5X 

10 (R47-2, R811-4, R1215-2, X12-1, Y12-3), (R47-2, R811-4, R1215-2, X12-1, Y12-5), (R47-2, 
R811-4, R1215-2, X12-2, Y12-3), (R47-2, R811-4, R1215-2, X12-2, Y12-5), (R47-2, R811-4, 
R1215-3, X12-1, Y12-3X (R47-2, R811-4, R1215-3, X12-1, Y12-5), (R47-2, R811-4, R1215-3, 
X12-2, Y12-3), (R47-2, R811-4, R1215-3, X12-2, Y12-5X CR47-2, R811-5, R1215-2, X12-1, Y12- 
3), (R47-2, R811-5, R1215-2, X12-1, Y12-5), CR47-2, R811-5, R1215-2, X12-2, Y12-3), (R47-2, 

15 R811-5, R1215-2, X12-2, Y12-5X (R47-2, R811-5, R1215-3, X12-1, Y12-3), (R47-2, R811-5, 
R1215-3, X12-1, Y12-5), (R47-2, R811-5, R1215-3, X12-2, Y12-3), (R47-2, R811-5, R1215-3, 
X12-2, Y12-5), 

(R47-3, R811-4, R1215-2, X12-1, Y12-3), (R47-3, R811-4, R1215-2, X12-1, Y12-5), (R47-3, 
R811-4, R1215-2, X12-2, Y12-3), (R47-3, R811-4, R1215-2, X12-2, Y12-5), (R47-3, R811-4, 

20 R1215-3, X12-1, Y12-3), (R47-3, R811-4, R1215-3, X12-1, Y12-5), CR47-3, R811-4, R1215-3, 
X12-2, Y12-3X (R47-3, R811-4, R1215-3, X12-2, Y12-5), CR47-3, R811-5, R1215-2, X12-1, Y12- 
3), (R47-3, R811-5, R1215-2, X12-1, Y12-5), (R47-8, R811-5, R1215-2, X12-2, Y12-3), (R47-3, 
R811-5, R1215-2, X12-2, Y12-5), (R47-3, R811-5, R1215-3, X12-1, Y12-3), (R47-3, R811-5, 
R1215-3, X12-1, Y12-5), (R47-3, R811-5, R1215-3, X12-2, Y12-3), (R47-3, R811-5, R1215-3, 

25 X12-2, Y12-5). 

Compounds represented by Formtda (lb) wherein: 
1) a compoimd wherein each of R'^, R^, R^ and R'^ is R47-1, 
a compound wherein each of R'^, R^, R^ and R'^ is R47-2 , 
a compound wherein each of R'^, R^, r6 and R''' is R47-3 , 



2) a compound wherein each of R8 E^, RIO and RH is R811-1 , 
a compotmd wherein each of R^, R^, R^O and R^^ is R811-2 , 

a compound wherein each of R^ r9, rIO j^ll R811-3 , 
a compound wherein each of R^, R^, R^O and R^ is R811-4 , 
5 a compoimd wherein each of R^, r9, rIO j^ll jg R811-5 , 

3) a compound wherein ring C is C-1 , 
a compound wherein ring C is C-2 , 

a compound wherein ring C is C-3 , 

a compound wherein ring C is benzene, pyridine, pyrimidine, pyridazine or pyrazine (which 
10 may be substituted by halogen, lower alkyl or lower alkoxy (hereinafter expressed as "ring C is 
C-4'"), 

a compound wherein ring C is benzene or pyridine (which may be substituted by halogen, 
lower alkyl or lower alkoxy) (hereinafter expressed as "ring C is C-5 ' "), 

4) a compound wherein and are X12-1 , 
15 a compound wherein and X^ are X12-2 , 

5) a compound wherein and are Y12-1 , 
a compound wherein Y-*^ and Y^ axe Y12-2 , 

a compound wherein Y^ and Y^ axe Y12-3 , 
a compound whexein Y^ and Y^ axe Y12-4 , 
20 a compound wherein Y^ and Y^ are Y12-5 , 

6) a compound wherein R^ to R^, R^ to R", ring C, X^ and X^ and Y^ and Y^ are in any of 
the combinations shown below; 

(R47-2, R811-4, C-2, X12-1, Y12-3), (R47-2, R811-4, C-2, X12-1, Y12-5), (R47-2, R811-4, C-2, 
X12-2, Y12-3), (R47-2, R811-4, C-2, X12-2, Y12-5), (R47-2, R811-4, C-4', X12-1, Y12-3), (R47-2, 
25 R811-4, C-4', X12-1, Y12-5), (R47-2, R811-4, C-4', X12-2, Y12-3), (R47-2, R811-4, C-4', X12-2, 
Y12-5), (R47-2, R811-4, C-5', X12-1, Y12-3), (R47-2, R811-4, C-5', X12-1, Y12-5), (R47-2, R811- 
4, C-5', X12-2, Y12-3), (R47-2, R811-4, C-5', X12-2, Y12-5), (R47-2, R811-5, C-2, X12-1, Y12-3), 
(R47-2, R811-5, C-2, X12-1, Y12-5), (R47-2, R811-5, C-2, X12-2, Y12-3), (R47-2, R811-5, C-2, 
X12-2, Y12-5), (R47-2, R811-5, C-4', X12-1, Y12-3), CR47-2, R811-5, C-4', X12-1, Y12-5), (R47-2, 



R811-5, C-4', X12-2, Y12-3X CR47-2, R811-5, C-4', X12-2, ¥12-5), (R47-2, R811-5,. C-5', X12-1, 
Y12-3), (R47-2, R811-5, C-5', X12-1, Y12-5), (R47-2, R811-5, C-5', X12-2, Y12-3), (R47-2, R811- 
5, C-5', X12-2, Y12-5), (R47-3, R811-4, C-2, X12-1, Y12-3), (R47-3, R811-4, G-2, X12-1, Y12-5), 
(R47-3, R811-4, C-2, X12-2, Y12-3), (R47-3, R811-4, C-2, X12-2, Y12-5), (R47-3, R811-4, C-4', 
5 X12-1, Y12-3), (R47-3, R811-4, C-4', X12-1, Y12-5), (R47-3, R811-4, C-4', X12-2, Y12-3), (R47-3, 
R811-4, C-4', X12-2, Y12-5), (R47-3, R811-4, C-5', X12-1, Y12-3), (R47-3, R811-4, C-5', X12-1, 
Y12-5), (R47-3, R811-4, C-5', X12-2, Y12-3), (R47-3, R811-4, C-5', X12-2, Y12-5), (R47-3, R811- 
5, C-2, X12-1, Y12-3), (R47-3, R811-5, C-2, X12-1, Y12-5), (R47-3, R811-5, C-2, X12-2, Y12-3), 
(R47-3, R811-5, C-2, X12-2, Y12-5), (R47-3, R811-5, C-4', X12-1, Y12-3), (R47-3, R811-5, C-4', 
10 X12-1, Y12-5), (R47-3, R811-5, C-4', X12-2, Y12-3), (R47-3, R811-5, C-4', X12-2, Y12-5), (R47-3, 
R811-5, C-5', X12-1, Y12-3), (R47-3, R811-5, C-5', X12-1, Y12-5), (R47-3, R811-5, C-5', X12-2, 
Y12-3), (R47-3, R811-5, C-5', X12-2, Y12-5). 



Compounds represented by Formula (Ic) wherein: 
15 1) a compound wherein riag A is A-1, a compound wherein ring A is A- 2, a compound wherein 
ring A is A-3, a compound wherein ring A is A-4, a compound wherein ring A is A-5, a 
compoxmd wherein ring A is A-6, 

2) a compound wherein ring B is B-1, a compoimd wherein ring B is B-2, a compound wherein 
ring B is B-3, a compound wherein ring B is B-4, a compoimd wherein ring B is B-5, 
20 3) a compotmd wherein ring C is C-1, a compoimd wherein ring C is C-2, a compound wherein 
ring C is C-3, a compoimd wherein ring C is C-4, a compound wherein ring C is C-5, 

4) a compoimd whereia X^is -O- or -NH- (hereinafter expressed as "X^ is X-1"), a compoimd 
whereta X^ is -NH- (hereinafter expressed as "X^ is X-2"), 

5) a compound wherein Y^ is Y-1, a compound wherein. Y^ is Y-2, a compound whereia Y^ is 
25 Y-3, a compoimd wherein Y-'^ is Y-4, 

6) a compound whereia each of R"* and R^ is independently hydrogen, lower alkyl, lower 
alkenyl, lower alkoxycarbonyl or lower atkylsulfonyl, or they are taken together to form 
R''R'^C= or -(CR^'R^s-, each of R" and R'^ is independently hydrogen, lower alkyl, lower 
alkenyl, lower alkoxy, aryl or a heterocychc group or they are taken together with a 



carbon atom to which they are attached to form cycloalkyKdene, each R" is 
independently hydrogen, lower alkyl, lower alkoxy or amino, and each R' is 
independently hydrogen, lower alkyl, lower alkoxy or amino, and s is an integer of 2 to 6 
(hereinafter expressed as "R^ and R^ are Rab-1"); 
5 a compoimd wherein each of R* and R'' is independently hydrogen, alkyl having 1 to 6 
carbon atoms, alkenyl having 2 to 6 carbon atoms, alkoxycarbonyl having 1 to 6 carbon 
atoms or alkylsulfonyl having 1 to 6 carbon atoms, or they are taken together to form 
R°R'^C= or -{CR''R')s-, each of R° and R"^ is independently hydrogen, alkyl having 1 to 6 
carbon atoms, alkenyl having 2 to 6 carbon atoms, alkoxy having 1 to 6 carbon atoms, 

10 phenyl or a 5- or 6-membered aromatic heterocycHc group or they are taken together 
with a carbon atom to which they are attached to form cycloalkyhdene having 5 to 6 
carbon atoms, each R® is independently hydrogen, alkyl having 1 to 6 carbon atoms, 
alkoxy having 1 to 6 carbon atoms or amino, and each R^is independently hydrogen, 
alkyl having 1 to 6 carbon atoms, alkoxy having 1 to 6 carbon atoms or amino, and s is 

15 an integer of 4 or 5 (hereinafter expressed as "R^ and R*" are Rab-2"); 

a compoimd wherein each of R^ and R^ is independently hydrogen, alkyl having 1 to 3 
carbon atoms or alkoxycarbonyl having 1 to 4 carbon atoms, or they are taken together 
to form R°R'K]!= or -(CR^R^s-, each of R*" and R'^ is independently hydrogen, alkyl having 
1 to 3 carbon atoms, alkenyl having 2 to 4 carbon atoms or alkoxy having 1 to 3 carbon 

20 atoms, each R*" is independently hydrogen or alkyl having 1 to 3 carbon atoms, and each 
Blis independently hydrogen or alkyl having 1 to 3 carbon atoms (hereinafter expressed 
as "R^ and R^ are Rab-3"); 

a compound wherein each of R'' and R^ is independently hydrogen, alkyl having 1 to 3 
carbon atoms or alkoxycarbonyl having 1 to 4 carbon atoms, or they are taken together 
25 to form R''R'^C=, one of R" and is alkyl having 1 to 3 carbon atoms and the other is 

hydrogen, alkyl having 1 to 3 carbon atoms or lower alkoxy having 1 to 3 carbon atoms 
(hereinafter expressed as "R" and R'' are Rab-4"); 

a compoimd wherein R"* and R*^ are taken together to form R°R'^0=, one of R° and R^ is 
alkyl having 1 to 3 carbon atoms and the other is alkyl haviog 1 to 3 carbon atoms or 



lower alkoxy having 1 to 3 carbon atoms (hereinafter expressed as "R^ and are Rab- 
6"); 

7) a compound wherein n is 0 or 1 (hereinafter expressed as "n is nl"); 
a compoimd whereia n is 1 (hereinafter expressed as "n is n2"); 
5 8) a compound wherein ring A, ring B, ring C, X\ and and R*" are in any of the 
combinations shown below and n is 0 or 1. 

(A-i B-4, C-4, X-1, Y-3, Rab-2), (A-4, B-4, C-4, X-1, Y-3, Rab-3), (A-4, B-4, C-4, X-1, Y-4, Rab-2), 
(A-4, B-4, C-4, X-1, Y-4, Rab-3), (A-4, B-4, C-4, X-2, Y-3, Rab-2), (A-4, B-4, C-4, X-2, Y-3, Rab-3), 
(A-4, B-4, C-4, X-2, Y-4, Rab-2), (A-4, B-4, C-4, X-2, Y-4, Rab-3), (A-4, B-4, C-5, X-1, Y-3, Rab-2), 

10 (A-4, B-4, C-5, X-1, Y-3, Rab-3), (A-4, B-4, C-5, X-1, Y-4, Rab-2), (A-4, B-4, C-5, X-1, Y-4, Rab-3), 
(A-4, B-4, C-5, X-2, Y-3, Rab-2), (A-4, B-4, C-5, X-2, Y-3, Rab-3), (A-4, B-4, C-5, X-2, Y-4, Rab-2), 
(A-4, B-4, C-5, X-2, Y-4, Rab-3), (A-4, B-6, C-4, X-1, Y-3, Rab-2), (A-4, B-6, C-4, X-1, Y-3, Rab-3), 
(A-4, B-6, C-4, X-1, Y-4, Rab-2), (A-4, B-6, C-4, X-1, Y-4, Rab-3), (A-4, B-6, C-4, X-2, Y-3, Rab-2), 
(A-4, B-6, C-4, X-2, Y-3, Rab-3), (A-4, B-6, C-4, X-2, Y-4, Rab-2), (A-4, B-6, C-4, X-2, Y-4, Rab-3), 

15 (A-4, B-6, C-5, X-1, Y-3, Rab-2), (A-4, B-6, C-5, X-1, Y-3, Rab-3), (A-4, B-6, C-5, X-1, Y-4, Rab-2), 
(A-4, B-6, C-5, X-1, Y-4, Rab-3), (A-4, B-6, C-S, X-2, Y-3, Rab-2), (A-4, B-6, C-5, X-2, Y-3, Rab-3), 
(A-4, B-6, C-5, X-2, Y-4, Rab-2), (A-4, B-6, C-5, X-2, Y-4, Rab-3), 

(A-6, B-4, C-4, X-1, Y-3, Rab-2), (A-6, B-4, C-4, X-1, Y-3, Rab-3), (A-6, B-4, C-4, X-1, Y-4, Rab-2), 
(A-6, B-4, C-4, X-1, Y-4, Rab-3), (A-6, B-4, C-4, X-2, Y-3, Rab-2), (A-6, B-4, C-4, X-2, Y-3, Rab-3), 

20 (A-6, B-4, C-4, X-2, Y-4, Rab-2), (A-6, B-4, C-4, X-2, Y-4, Rab-3), (A-6, B-4, C-5, X-1, Y-3, Rab-2), 
(A-6, B-4, C-5, X-1, Y-3, Rab-3), (A-6, B-4, C-5, X-1, Y-4, Rab-2), (A-6, B-4, C-5, X-1, Y-4, Rab-3), 
(A-6, B-4, C-5, X-2, Y-3, Rab-2), (A-6, B-4, C-5, X-2, Y-3, Rab-3), (A-6, B-4, C-5, X-2, Y-4, Rab-2), 
(A-6, B-4, C-5, X-2, Y-4, Rab-3), (A-6, B-6, C-4, X-1, Y-3, Rab-2), (A-6, B-6, C-4, X-1, Y-3, Rab-3), 
(A-6, B-6, C-4, X-1, Y-4, Rab-2), (A-6, B-6, C-4, X-1, Y-4, Rab-3), (A-6, B-6, C-4, X-2, Y-3, Rab-2), 

25 (A-6, B-6, C-4, X-2, Y-3, Rab-3), (A-6, B-6, C-4, X-2, Y-4, Rab-2), (A-6, B-6, C-4, X-2, Y-4, Rab-3), 
(A-6, B-6, C-5, X-1, Y-3, Rab-2), (A-6, B-6, C-5, X-1, Y-3, Rab-3), (A-6, B-6, C-5, X-1, Y-4, Rab-2), 
(A-6, B-6, C-5, X-1, Y-4, Rab-3), (A-6, B-6, C-5, X-2, Y-3, Rab-2), (A-6, B-6, C-5, X-2, Y-3, Rab-3), 
(A-6, B-6, C-5, X-2, Y-4, Rab-2), (A-6, B-6, C-5, X-2, Y-4, Rab-3). 

More typically, the compounds described in WO98/04508 or the following 
25 



compounds axe preferred (Tables 1 to 3 show tlie structures of the moieties represented 
by the symbols Al, A2, . . . , B 1, B2, . . . , Cl, C2, . . . employed in Table 4 or later. In the 
tables, cHex represents cyclohexyl, cPr represent cyclopropyl). 
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NHCH2CH=CMe2 




1-14 


A6 


B5 


Cl 


OCH2CH-CMe2 




1-15 


A6 


B6 


Cl 


NHCH2CH=CMe2 




1-16 


A6 


B7 


Cl 


OCH2C6H5 




1-17 


A6 


B8 


Cl 


NHCH2CH=CMe2 




1-18 


A6 


B9 


Cl 


OCH2CH=CMe2 




1-19 


A6 


BIO 


Cl 


NHCH2CH=CMe2 




1-20 


A6 


Bll 


Cl 


OCH2CH=CMe2 




1-21 


A6 


B12 


Cl 


NHCH2CH=CMe2 




1-22 


A6 


B13 


Cl 


OCH2CH=CMe2 




1-23 


A6 


B14 


Cl 


NHiPr 




1-24 


A6 


B15 


Cl 


nrTToPTT— rivTAr. 

\j \^xi.2 '^"tj- — vviviK 2 




1-25 


A6 


B16 


Cl 


NHCH2CH=CMe2 




1-26 


A6 


B17 


Cl 


OCH2CF3 




1-27 


A6 


B18 


Cl 


NHCH2CH=CMe2 




1-28 


A6 


B19 


Cl 


OCH2CH=CMe2 




1-29 


A6 


B20 


Cl 


NHCH2CH=CMe2 




1-30 


A6 


B21 


Cl 


OCH2CH=CMe2 




1-31 


A6 


B22 


Cl 


NHCH2CH=CMe2 




1-32 


A6 


B23 


Cl 


OCH2C6H5 




1-33 


A6 


B24 


Cl 


NHCH2CH=CMe2 
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\—J 


\ / 


\—J 


-X2-Y2 


1-34 


A6 


B25 


Cl 


OCH2CH=CMe2 


1-35 


A6 


B26 


CI 


IN M U M 2 1-^ -tl — M e 2 


1-36 


A6 


B27 


Cl 


OCH2CH=CMe2 


1-37 


A6 


B28 


Cl 


NHCH2CB[=CMe2 


1-38 


A6 


B29 


Cl 


OCH2CH=CMe2 


1-39 


A6 


B30 


Cl 


NHCH2CH=CMe2 


1-40 


A6 


B31 


Cl 


OCH2CH=CMe2 


1-41 


A6 


B32 


Cl 


NHCH2CH=CMe2 


1-42 


A6 


B33 


Cl 


OCH2CH=CMe2 


1-43 


A6 


B34 


Cl 


NHCH2CH=CMe2 


1-44 


A6 


B35 


Cl 


OCH2CH=CMe2 


1-45 


A6 


B36 


Cl 


NHCH2CH=CMe2 


1-46 


A6 


B37 


Cl 


OCH2CH=CMe2 


1-47 


A6 


B38 


Cl 


NHiPr 


1-48 


A6 


B39 


Cl 


UUri2v^±l— uMe2 


1-49 


A6 


B40 


Cl 


rvl M U JdL 2 ±1 — U M e 2 


1-50 


A6 


B41 


Cl 


(JU±l20-b 3 


1-51 


A6 


B42 


Cl 


JNMUxl2^il— UiVie2 


1-52 


A6 


B43 


Cl 


OCH2C6H5 




A6 


B44 


Cl 


iN n 0 xa 2 -Cl- — 0 ivi e 2 


1-54 




B45 


Cl 


OCH2CH=CMe2 


1-55 


A6 


B4 


C2 


U <^ rl 2 11 — 0 M e 2 


1-56 


A6 


B4 


C3 


JN -H. U -bl 2 V-/ -H. — C M e 2 


1-57 


A6 


B4 


C4 


OCH2CH=CMe2 


1-58 


A6 


B4 


C5 


NHCH2CH=CMe2 


1-59 


A6 


B4 


C6 


OCH2CH=CMe2 


1-60 


A6 


B4 


C7 


NHCH2CH=CMe2 


1-61 


A6 


B4 


C8 


OCH2CF3 


1-62 


A6 


B4 


C9 


NHCH2CH=CMe2 


1-63 


A2 


B4 


C3 


OCH2CH=CMe2 


1-64 


A2 


B4 


C6 


NHCH2CH=CMe2 


1-65 


A4 


B4 


C3 


OCH2CH=CMe2 


1-66 


A4 


B4 


C6 


NHiPr 


1-67 


A5 


B4 


C3 


OCH2CH=CMe2 


1-68 


A5 


B4 


C6 


NHCH2CH=CMe2 
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\ — f 


-<i> 


N / 


-X2-Y2 


1-69 


A2 


B7 


CI 


OCH2CH=CMe2 


1-70 


A2 


B7 


C8 


JNMUM2*^-o.— UMe2 


1-71 


A2 


B7 


C6 


ULll2tjxl-CMe2 


1-72 


A4 


B7 


CI 


NHCH2CH=CMe2 


1-73 


A4 


B7 


C3 


OCH2CH=CMe2 


1-74 


A4 


B7 


C6 


NHCH2CH=CMe2 


1-75 


A5 


B7 


CI 


OCH2CH=CMe2 


1-76 


A5 


B7 


C3 


NHCH2CH=CMe2 


1-77 


A5 


B7 


C6 


OCH2CH=CMe2 


1-78 


A2 


B8 


CI 


NHCH2CH=CMe2 


1-79 


A2 


B8 


C3 


OCH2CH=CMe2 


1-80 


A2 


B8 


C6 


NHCH2CH=CMe2 


1-81 


A4 


B8 


CI 


OCH2CH=CMe2 


1-82 


A4 


B8 


C3 


NHCH2CH=CMe2 


1-83 


A4 


B8 


C6 


OCH2CH=CMe2 


1-84 


A5 


B8 


Cl 


NHCH2CH=CMe2 


1-85 


A5 


B8 


C3 


OCH2CH=CMe2 


1-86 


A5 


B8 


C6 


NHCH2CH-CMe2 


1-87 


A2 


BIO 


Cl 


OCH2CH=CMe2 


1-88 


A2 


BIO 


C3 


NHCH2CH=CMe2 


1-89 


A2 


BIO 


C6 


NHCH2CH=CMe2 


1-90 


A4 


BIO 


Cl 


OCH2CF3 


1-91 


A4 


BIO 


C3 


OCH2CF3 


1-92 


A4 


BIO 


C6 


NHCH2CH=CMe2 


1-98 


A5 


BIO 


Cl 


OCH2CH=CMe2 


1-94 


A5 


BIO 


C3 


NHiPr 


1-95 


A5 


BlO 


C6 


w v^xj.2 win — i^ivie 2 


1-96 


A2 


B12 


Cl 


NHCH2CH=CMe2 


1-97 


A2 


B12 


C3 


OCH2CH=CMe2 


1-98 


A2 


B12 


C6 


NHCH2CH=CMe2 


1-99 


A4 


B12 


Cl 


OCH2C6H5 


I-lOO 


A4 


B12 


C3 


NHCH2CH=CMe2 


I-lOl 


A4 


B12 


C6 


OCH2CH=CMe2 


1-102 


A5 


B12 


Cl 


NHCH2CH=CMe2 


1-103 


A5 


B12 


C3 


OCH2CH=CMe2 


1-104 


A5 


B12 


C6 


NHCH2CH=CMe2 
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V-V 


W 


\_/ 


-X2-Y2 


1-105 


A2 


B13 


CI 




1-106 


A2 


B13 


C3 


JN xl U 11 2 0 M — b M e 2 


1-107 


A2 


B13 


C6 


OCH2C6H5 


1-108 


A4 


B13 


CI 


OCH2CH=:CMe2 


1-109 


A4 


B13 


C3 


NHCH2CH=CMe2 


I-llO 


A4 


B13 


C6 


OCH2CH=CMe2 


I-lll 


A5 


B13 


CI 


NHCH2CH=CMe2 


1-112 


A5 


B13 


C3 


OCH2CH=CMe2 


1-113 


A5 


B13 


C6 


NHiPr 


— LMi 


AlO 


B4 


ClO 


NHCH2CH=CMe2 


1-115 


AlO 


B7 


CIO 


JNllUll2bll — UiVle2 


1-116 


AlO 


B8 


ClO 


NHCH2CH=CMe2 


1-117 


AlO 


BIO 


ClO 


JN Jtl U rl 2 0 11 — iVl e 2 


1-118 


AlO 


B12 


CIO 


NHCH2CH=CMe2 


1-119 


AlO 


B13 


ClO 


NHCH2CH=CMe2 


1-120 


All 


B4 


C6 


NHiPr 


1-121 


All 


B7 


C6 


NHiPr 


1-122 


All 


B8 


C6 


NHiPr 


1-123 


All 


BIO 


C6 


NHiPr 


1-124 


All 


B12 


C6 


NHiPr 


1-125 


All 


B13 


C6 


NHiPr 


1-126 


A6 


B4 


Cll 


NHCH2CH=CMe2 


1-127 


A6 


B7 


Cll 


NHCH2CH=CMe2 


1-128 


A6 


B8 


Cll 


NHCH2CH=CMe2 


1-129 


A6. 


BIO 


Cll 


NHCH2CH=CMe2 


1-130 


A6 


B12 


Cll 


NHCH2CH=CMe2 


1-131 


A6 


B13 


Cll 


NHCH2CH=CMe2 


1-132 


AlO 


B4 


C2 


OCH2CH=CMe2 


1-133 


A4 


B8 


C12 


OCH2CHMe2 
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— 












1-134 


A6 


B4 


Cl 


Me 


Me 


1-135 


A6 


B4 


Cl 


Et 


Me 


— Lll^ 


A6 


B4 


Cl 


Et 


Et 


1-137 


A6 


B4 


Cl 


Et 


H 


1-138 


A6 


B4 


Cl 


i-Pr 


H 


1-139 


A6 


B4 


Cl 


CH=CMe2 


H 


1-140 


A6 


B4 


Cl 


Me 


OEt 


1-141 


A6 


B4 


Cl 


-(CH2)4- 


1-142 


A6 


B4 


Cl 


-(CH2)5- 


1-143 


A6 


B4 


Cl 


Ph 


Me 


1-144 


A6 


B4 


Cl 


Ph 


H 


1-145 


A6 


B4 


Cl 


2-tliienyl 


H 


1-146 


A6 


B4 


Cl 


2-thienyl 


Me 


1-147 


A6 


B4 


C2 


Me 


Me 


1-148 


A6 


B4 


C3 


Me 


Me 


1-149 


A6 


B4 


C4 


Me 


Me 


1-150 


A6 


B4 


C5 


Me 


Me 


1-151 


A6 


B4 


C6 


Me 


Me 


1-152 


A6 


B4 


C7 


Me 


Me 


1-153 


A6 


B4 


C8 


Me 


Me 


1-154 






C9 


Me 


Me 


1-155 


A6 


B7 


Cl 


Me 


Me 


1-156 


A6 


B8 


Cl 


Et 


H 


1-157 


A6 


B9 


Cl 


i-Pr 


H 


1-158 


A6 


BIO 


Cl 


Me 


OEt 


1-159 


A6 


Bll 


Cl 


-(CH2)4- 


1-160 


A6 


B12 


Cl 


-(CH2)5- 


1-161 


A6 


B14 


Cl 


Ph 


Me 


1-162 


A6 


B30 


Cl 


CH=CMe2 


H 


1-163 


A6 


B45 


Cl 


2-tliienyl 


H 


1-164 


A6 


B46 


Cl 


2-furyl 


Me 
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\ 1 


\ / 


RC 




1-165 


Al 


B4 


CI 


-(CH2)5- 


1-166 


A2 


B4 


CI 


Ph 


Me 


1-167 


A3 


B4 


CI 


Et 


H 


1-168 


A4 


B4 


CI 


CH = CMe2 


H 


1-169 


A5 


B4 


CI 


-(CH2)4- 


1-170 


A7 


B4 


C 1 


Me 


Me 


1-171 


A8 


B4 


Cl 


Me 


Me 


1-172 


A9 


B4 


Cl 


2-tliieiiyl 


H 


1-173 


A9 


B4 


Cl 


Me 


Me 




A4 






Me 


Me 


1-175 


A4 


B7 


Cl 


Pli 


Me 








Cl 


Me 


OEt 


1-177 


A4 


B7 


C7 


iPr 


H 


1-178 


A4 


B7 


C7 


Et 


Et 


1-179 


A4 


B7 


C7 


Me 


Me 


1-180 


A4 


B7 


C9 


Me 


Me 


1-181 


A4 


B4 


Cl 


i-Pr 


H 


1-182 


A4 


B8 


Cl 


Me 


Me 


1-183 


A4 


B12 


Cl 


Me 


Me 


1-184 


A4 


B30 


Cl 


Me 


Me 


1-185 


A4 


B44 


Cl 


Me 


Me 


1-186 


A4 


B45 


Cl 


Me 


Me 


1-187 


A4 


B30 


C7 


Me 


Me 


1-188 


A2 


B7 


Cl 


Me 


Me 
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-^a)-x-y 










1-189 


A4 


B7 


C6 


Me 


Me 


1-190 


A4 


B8 


C6 


Me 


Me 


1-191 


A4 


B9 


C6 


Me 


Me 


1-192 


A4 


Bll 


C6 


Me 


Me 


1-193 


A4 


B45 


C6 


Me 


Me 


1-194 


A4 


B46 


C6 


2-tliienyl 


H 


1-195 


A4 


B4 


Cl 


Me 


Me 


1-196 


A6 


B4 


CI 


Me 


Me 


1-197 


A6 


B4 


Cl 


i-Pr 


H 


1-198 


A6 


B4 


Cl 


Me 


OEt 


1-199 


AS 


B4 


Cl 


-(CH2)4- 


1-200 


A6 


B4 


Cl 


Ph 


Me 


1-201 


A6 


B4 


Cl 


2-thienyl 


Me 


1-202 


A6 


B4 


C2 


Me 


Me 


1-203 


A6 


B4 


C3 


i-Pr 


H 


1-204 


A6 


B4 


C4 


Et 


OMe 


1-205 


A6 


B4 


C5 


Et 


Me 


1-206 


A6 


B4 


C6 


Ph 


Me 


1-207 


A6 


B4 


C7 


-(CH2)5- 


1-208 


A6 


B4 


C8 


CH=CMe2 


H 


1-209 


A6 


B4 


C9 


2-furyl 


H 


1-210 


A6 


B7 


Cl 


Me 


Me 


1-211 


A6 


B8 


Cl 


Et 


H 


1-212 


A6 


B9 


Cl 


i-Pr 


H 


1-213 


A6 


BIO 


Cl 


Me 


OEt 


1-214 


A6 


Bll 


Cl 


-(CH2)4- 


1-215 


A6 


B12 


Cl 


-(CH2)5- 


1-216 


A6 


B14 


Cl 


Ph 


Me 


1-217 


A6 


B30 


Cl 


Ph 


H 


1-218 


A6 


B45 


Cl 


2-thienyl 


H 


1-219 


A6 


B46 


Cl 


2-furyl 


Me 


1-220 


Al 


B4 


Cl 


-(CH2)5- 


1-221 


A2 


B4 


Cl 


Ph 


Me 


1-222 


A3 


B4 


Cl 


Et 


H 


1-223 


A4 


B4 


Cl 


i-Pr 


H 


1-224 


A5 


B4 


Cl 


-(CH2)4- 


1-225 


A7 


B4 


Cl 


Me 


Me 


1-226 


A8 


B4 


Cl 


CH=CMe2 


H 


1-227 


A9 


B4 


Cl 


2-thienyl 


H 
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— ( A V- X-Y 

\SJ 




\£/ 




Rd 


1-228 


A6 


B4 


CI 


Et 


Me 


1-229 


A6 


B4 


CI 


Et 


Et 


1-230 


A6 


B4 


Cl 


Et 


H 


1-231 


A6 


B4 


CI 


Pr 


H 


1-232 


A6 


B4 


Cl 


Me 


OEt 


1-233 


A6 


B4 


Cl 


-(CH2)4- 


1-234 


A6 


B4 


Cl 


-(CH2)5- 


1-235 


A6 


B4 


Cl 


Me 


Me 


1-236 


A6 


B4 


Cl 


Ph 


Me 


1-237 


A6 


B4 


Cl 


Ph 


H 


1-238 


A6 


B4 


CI 


2-furyl 


H 


1-239 


A6 


B4 


Cl 


i-Pr 


H 


1-240 


A6 


B4 


Cl 


CH=CMe2 


H 


1-241 


A6 


B4 


Cl 


2-thienyl 


Me 


1-242 


A6 


B4 


C2 


Me 


Me 


1-243 


A6 


B4 


C3 


Et 


Me 


1-244 


A6 


B4 


C4 


Pr 


H 


1-245 


A6 


B4 


C5 


Me 


OEt 


1-246 


A6 


B4 


C6 


Ph 


Me 


1-247 


A6 


B4 


C7 


Ph 


H 


1-248 


A6 


B4 


C8 


2-thienyl 


Me 


1-249 


A6 


B4 


C9 


-(CH2)4- 


1-250 


A6 


B7 


Cl 


Me 


Me 


1-251 


A6 


B8 


Cl 


Et 


H 


1-252 


A6 


B9 


Cl 


i-Pr 


H 


1-253 


A6 


BIO 


Cl 


Me 


OEt 


1-254 


A6 


Bll 


Cl 


CH=CMe2 


H 


1-255 


A6 


B12 


Cl 


-(CH2)5- 


1-256 


A6 


B14 


Cl 


Ph 


Me 


1-257 


A6 


B30 


Cl 


Ph 


H 


1-258 


A6 


B45 


Cl 


2-thienyl 


H 


1-259 


A6 


B46 


Cl 


2-furyl 


Me 


1-260 


Al 


B4 


Cl 


-(CH2)5- 


1-261 


A2 


B4 


Cl 


Ph 


Me 


1-262 


A3 


B4 


Cl 


Et 


H 


1-263 


A4 


B4 


Cl 


i-Pr 


H 


1-264 


A5 


B4 


Cl 


-(CH2)4- 


1-265 


A7 


B4 


Cl 


Me 


H 


1-266 


A8 


B4 


Cl 


CH=CMe2 


H 


1-267 


A9 


B4 


Cl 


2-thienyl 


Me 
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-^a/-x-y 


-/TV 


-/TV 




Rb 


1-268 


A6 


B4 


CI 


Et 


H 


1-269 


A6 


B4 


CI 


Pr 


H 


1-270 


A6 


B4 


CI 


i-Pr 


H 


1-271 


A6 


B4 


CI 


i-Bu 


H 


1-272 


A6 


B4 


CI 


Et 


Me 


1-273 


A6 


B4 


CI 


Et 


Et 


1-274 


A6 


B4 


CI 


-(CH2)4- 


1-275 


A6 


B4 


CI 


H 1 H 


1-276 


A6 


B4 


CI 


-CH2CH(Me)(CH2),c;- 


1-277 


A6 


B4 


CI 


Ph 


Me 


1-278 


A6 


B4 


CI 


COMe 


H 


1-279 


A6 


B4 


CI 


2-thienyl 


H 


1-280 


A6 


B4 


CI 


CH2CH=CMe2 


H 


1-281 


A6 


B4 


CI 


Me 


Me 


1-282 


A6 


B4 


CI 


2-thienyl 


Me 


1-283 


A6 


B4 


CI 


COOtBu 


H 


1-284 


A6 


B4 


C2 


Me 


Me 


1-285 


A6 


B4 


C3 


i-Bu 


Me 


1-286 


A6 


B4 


C4 


Pr 


H 


1-287 


A6 


B4 


C5 


-(CH2)4- 


1-288 


A6 


B4 


C6 


Ph 


Me 


1-289 


A6 


B4 


C7 


Ph 


H 


1-290 


A6 


B4 


C8 


CH2CH=CMe2 


H 


1-291 


A6 


B4 


C9 


COOEt 


H 


1-292 


A6 


B7 


CI 


Me 


Me 


1-293 


A6 


B8 


CI 


Et 


H 


1-294 


A6 


B9 


CI 


i-Pr 


H 


1-295 


A6 


BIO 


CI 


COMe 


H 


1-296 


A6 


Bll 


CI 


-(CH2)2CH(OMe)CH?- 


1-297 


A6 


B12 


CI 


-(CH2),- 


1-298 


A6 


B14 


CI 


Ph 


Me 


1-299 


A6 


B30 


CI 


H 


H 


1-300 


A6 


B45 


CI 


COOEt 


H 


1-301 


A6 


B46 


CI 


2-furyl 


Me 


1-302 


Al 


B4 


CI 


-(CH2)2CH(NH2)(CH2)2- 


1-303 


A2 


B4 


CI 


Ph 


Me 


1-304 


A3 


B4 


CI 


COOtBu 


H 


1-305 


A4 


B4 


CI 


i-Bu 


H 


1-306 


Ao 


B4 


CI 


-(CH2)4- 


1-307 


A7 


B4 


CI 


COiPr 


H 


1-308 


A8 


B4 


CI 


Me 


Me 


1-309 


A9 


B4 


CI 


CH2CH=CMe2 


H 
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Ametiiod for producing Compound (I) is described below. 
Method for producing Compound (I') 

Acompoimd represented by Formula (I') shown below (hereinafter referred to 
as Compound (!')) can be produced by reacting a compound represented by Formula 
(Ila) (hereinafter referred to as Compound (Ila)) with a bicycHc compoimd represented 
by Formula (Ilia) (hereinafter referred to as Compound (Ilia)), or reacting a compound 
represented by Formula (lib) (hereinafter referred to as Compoimd (lib)) with a bicychc 
compound represented by Formula (Hlb) (hereinafter referred to as Compound (Illb)): 




Illb lib 



wherein one of L and Z is dihydroxyboryl, di-lower alkylboryl or di-lower alkoxyboryl, 
and the other is halogen or -0S02 (CqF2q+l) (q is an integer of 0 to 4), and other 
symbols are defined as described above). 

Compoimd (Ila) and Compound (Ilia) or Compound (lib) and Compound (Illb) 
are reacted in a mixture of a suitable solvent (for example, benzene, toluene, N, N- 
dimethylformaaude, dimethoxyethane, tetrahydrofuran, dioxane, ethanol or methanol) 
with water or in an anhydrous system in the presence of a palladium catalyst (for 
example Pd(PPh3)4, PdCl2(PPha)2, PdClg, Pd(0Ac)2 or PdCl2(CH3CN)2, preferably 
Pd(PPh3)4) ha a basic condition (with a base such as K3PO4, NaHCOg, NaOEt, NaaCOg, 
EtsN, Ba(0H)2, CsgCOa, CsF, NaOH or Ag2C03) at room temperature or with heating for 
several ten minutes to several ten hours to give Compoimd (I'). 

One of substituents L and Z in compounds to be reacted with each other is any 
boryl group capable of beuig used in Suzuki reaction (Chemical Communication 1979, 
866, Journal of Organic Synthesis Society, 1993, Vol.51, NO. 11, page 91 to 100), and 
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preferably dihydroxyboryl. The other is any leaving group appKcable to Suzuki 
reaction, such as halogen or -OSOsCCqFaq+i) wherein q is an iatBger of 0 txD 4. Those 
preferred especially are halogen and trifLuoromethanesulfonyloxy (hereuiaftBr 
abbreviated as OTf), with bromiae, iodine and OTf beiag most preferred. 
5 Other substituents on ring A, ring B and ring C in Compounds (Ila), (Ilia), 

(lib) and (Illb) and -X-Y are any groups by which Suzuki reaction is not affected 
adversely, including those except for halogen and -OSOgCCqFaq+i) wherein q is an integer 
of0to4. 

For example, Y may be optionally substituted lower alkyl, optionally 

10 substituted lower alkenyl, optionally substituted lower alkynyl, optionally substituted 
acyl, optionally substituted cycloalkyl, optionally substituted cycloalkenyl, optionally 
substituted aryl or an optionally substituted 5- or 6-membered heterocychc ring which 
may be fused with a benzene ring, and when X is -CHg-, Y may also be optionally 
substituted lower alkoxy. When X is -O- or -NR^- then Y may also be optionally 

15 substituted lower alkoxycarbonyl, optionally substituted lower alkylsxdfonyl or 
optionally substituted arylsulfonyl. 

Even when any of the substituents on rings A, B and C is halogen, the reaction 
described above can satisfactorily be advanced when the reactivity between 
substituents L and Z is higher relatively. 

20 Also even when any of the substituents on rings A, B and C or -X-Y is hydroxy, 

the reaction described above can be effected. The reaction is preferably effected after 
introducing an ordinarily employed hydroxy protective group (for example, 
methoxjmiethyl, benzyl, t-butyldimethylsilyl, methane sulfonyl or p-toluenesuifonyl) 
which is subjected subsequentiy to a deprotection. 

25 While Compoimd (I') is synthesized most efficientiy and conveniently by 

employing Suzuki reaction described above, siUcon, zinc or tin may also be employed 
instead of boryl group in the scheme shown above. 

For example, when one of L and Z is -SiR''(3.i.)(Hal)i,(wherein each R** may be 
different and is lower alkyl, Hal is halogen, r is an integer of 1 to 3) and the other is 

39 



halogen or -OS02(CqF2q+i) wherein q is an intBger of 0 to 4, an ordinarily employed 
palladi;mi catalyst is employed in a coupling reaction (Synlett, (1991) 845-853, J. Org. 
Chem., 1996, 61, 7232-7233). Apreferred palladium catalyst may for example be (i- 
Pr3P)2PdCl2, [(dcpe)PdCl2](cdpe=l,2-bis(dicycIohexylphosphino)ethane), (Ti3-C3HsPdCl)2 
5 and the hke. 

Also when one of L and Z is -SnR^g (wherein each may be different and is 
lower alkyl) and the other is halogen, acetyloxy or -OS02(CqF2q+i) wherein q is an 
integer of 0 to 4, an ordinarily employed palladium catalyst (preferably Pd(PPh3)4 and 
the like) can be employed to obtain an intended compound (Ajagew. Chem. Int. Ed. Engl., 
10 25 (1986) 508-524). 

Also by reacting a compoimd in which one of L and Z is -Zn(Hal) wherein Hal 
is halogen and the other is halogen, an intended compound can be synthesized (Acc. 
Chem. Res. 1982, 15, 340-348). While any ordinarily employed palladium catalyst can 
be employed, those exemplified preferably are Pd(PPh3)4, PdCl2(dppf)(dppf=l,l'- 
15 bis(diphenylphosphmo)ferrocene), PdCl2(PPh3)2, PdCl2(P(o-Tolyl)3)2 and Pd(0Ac)2. 

Any of these reactions may be conducted in a suitable solvent (for example, N, 
N-dimethylformamide, tetrahydrofuran) at room temperature or with heating for 
several ten minutes to several ten hours. 

Compounds (llla) and (Illb) in a scheme shown above may be those known per 
20 se, or may be derived from a compoiond represented by Formula (Va) (hereinafter 

referred to as Compound (Va)) or a compound represented by Formula (Vb) (hereinafter 
referred to as Compound (Vb)) which can be S5Tithesized by a known method or a 
method described below; 



<^cV-z + L— TbVd {c\--Cb\-D 



Va 



'r-(~\)—X-y + D-(bV-L ► D-<^T\-^7\-X-Y 

— / — ^ — ^ — ' 
Ila IVb Vb 



wherein D and L are groups by which Suzuki reaction of Z is not affected adversely, and 
when a compound represented by Formula (IVa) or (TVb) is a symmetric compovind,they 
may be groups simUax to L, and other symbols are defined as described above. 

First, a step similar to that described above is employed to react Compoimd 
5 (lib) with Compound (IVa) or Compound (Lla) with Compound (IVb) to give Compound 
(Va) or (Vb). When Compound (IVa) or (TVb) is not a symmetric compoimd, D is 
preferably a group which has no particular adverse effect on SuzuM reaction of L and Z 
and which can conveniently be converted into L. For example, hydroxy, hydrogen, 
formyl and nitro may be employed. L or Z may be subjected to a reaction employing 
10 sihcon, zinc or tin instead of a boryl group described above. 

Subsequently, D is converted into a substituent L which is apphcable to 
Suzidd reaction. 

For example when D is hydroxy, a reaction with a 
trifluorome thane sulfonylating agent (for example, trifluoromethane sulfonic anhydride, 
15 trifluorome thanesuLfonyl chloride or N-phenyltrifluoromethanesulfonimide) is 
conducted ia a smtable solvent (for example, dichloromethane, chloroform, 
tetrahydrofuran, benzene or toluene) in. the presence of a base (sodixun hydride, 
pyridine, triethylamine or potassium carbonate) at -20°C or with heating for several 
minutes to several ten hoiars to give an intended compoimd in which L is OTf. 
20 When D is hydrogen, a reaction with a halogenating agent (for example, 

chlorine, bromine, iodine or N-bromosuccinimide) is conducted in a suitable solvent (for 
example, acetic acid, dichloromethane, chloroform, carbon tetrachloride, N, N- 
dimethyhbrmamide or water) at -20°C or with heating for several minutes to several 
ten hours to give an intended compoimd in which L is halogen. 
25 When D is formyl, it is subjected to Baeyer-ViUiger oxidation by a standard 

method to form formyloxy, which is then hydrolyzed to form hydroxy. Thereafter, a 
procedure similar to that described above is employed to give a compoimd in which L is 
OTf 

When D is nitio, it is reduced to amino and subjected to Sandmeyer reaction to 
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give a compound in which. L is halogen. 

Method for producing Compound (I") 

A compound represented by Formula (I") shown below (hereinafter referred to 
5 as Compound (!")) can be produced by SuziiM reaction between a compound 
represented by Formula (VI) (hereinafter referred to as Compoimd (VI)) and a 
compound represented by Formula (Ila) (hereinafter referred to as Compound (Ila)), or 
by a condensation between a compound represented by Formula (VII) (hereinafter 
referred to as Compound (VII)) and a compound represented by Formula (VIII) 
10 (hereinafter referred to as Compound (VIII)): 




(VII) (VIII) 



wherein one of M and Q is hydroxy or amino and the other is halogen, lower 
alkylsulfonyloxy, arylsidfonyloxy, lower alkylsulfonyl or arylsulfonyl as itself or as a 
15 substituent on methyl, or, one is hthimn or Mg(Hal) wherein Hal is halogen and the 
other is carboxy, lower alkoxycarbonyl, carbamoyl or formyl, or one is formyl and the 
other is halogenated methyl, or one is ethynyl and the other is halogen, and other 
symbols are defined as described above. 

The conditions under which Compound (VI) and Compound (Ila) are reacted 
20 are similar to those in a method for producing Compound (I'). 

In the reaction of Compound (VII) and Compound (VIII), when in an 
intended compound is -0-, -NH-, -OCH2-, -CH2O- or -NHCHg-, one of substituents M 
and Q is hydroxy or amino and the other is a leaving group such as halogen, lower 
aliylsxalfonyloxy arylsuhbnyloxy, lower alkylsulfonyl or arylsulfonyl or methyl having 
25 such leaving group as a substituent. These two compounds are reacted in a suitable 
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solvent (for example, benzene, toluene, acetone, acetonitrile, N, N-dimethyLformainide, 
dimethylsulfoxide, pyridine, methanol or ethanol) in the presence of a base (for example, 
sodiiun hydride, pjTidine, triethylamine, potassiiun carbonate, sodium hydroxide or 
potassium hydroxide) optionally with a copper catalyst (copper powder, CuCl or CuO) at 
5 0°C or with heating for several minutes to several tens hours to give an intended 
compoimd. 

In the reaction of Compound (VII) and Compoxmd (VIII), when in an 
intended compound is -CO- or -CH(OH)-, one of substituents M and Q is hthiiom or an 
organic metal such as Mg(HaI) wherein Hal is halogen and the other is carboxy lower 

10 alkoxycarbonyl, carbamoyl or formyl. These two compounds are reacted in a suitable 
solvent (for example, diethylether, tetrahydrofuran, dimethoxyethane or dioxane) at - 
78°C or with heating for several minutes to several hours to give an intended compound. 

When in an intended compound is -CH(OE^- wherein is lower aliyl, a 
compound in which is -CH(OH)- is obtained and subsequently alkylated. 

15 An intended compound in which is -CO- can be obtained by reacting a 

compound in which is -CH(OH)- with an oxidizing agent such as chromic anhydride 
or Jones reagent in a solvent suitable for the oxidizing agent such as t-butyl alcohol or 
acetone at 0°C or with heating for several hours. An intended compound in which 
is -CH(OH)- can be obtained by reducing a compound in which is -CO- in a suitable 

20 solvent (for example diethylether, tetrahydrofuran, dimethoxyethane, dioxane, 

methanol and ethanol) with sodium borohydride, hthium aluminum hydride and the 
like. 

When in an intended compound is -CH=CH-, one of substituents M and Q is 
formyl and the other is a halogenated methyl (halogen may for example be chlorine, 
25 bromine or iodine). In this case, an intended compoimd can be obtained by Wittig 
reaction (Organic Reaction, 1965, Vol.14, page 270). 

When in an intended compound is -CH=CH-, one of substituents M and Q is 
ethynyl and the other is halogen (preferably bromine or iodine), and the sjmthesis can 
be effected by a coupling reaction (for example. Synthesis (1980) 627, Tetrahedron, 1982, 



38, 631) using an ordinarily employed palladimn catalyst. 

Other substituents on ring A, ring B and ring C ia Compounds (VI), (Ila), (VII) 
and (VIII) and -X-Y are any groups by which Suzuki reaction of L and Z or the 
condensation between M and Q is not affected adversely. Even when any of the 
substituents in the reaction of Compoxmd (VO and (Ila) is halogen, the reaction 
described above can satisfactorily be advanced when the reactivity between 
substituents L and Z is higher relatively. While the reaction described above is 
possible even when any of the substituents is hydroxy, it is preferable in such case that 
the reaction is effected after intioduciag a protective group which is subjected 
subsequentiy to an ordinary deprotection. 

Compound (VI) in the reaction scheme described above may be a known 
compound or may be synthesized from a compound represented by Formula (X) 
(hereinafter refereed to as Compound (X)) which is synthesized by a method described 
below: 

<^cVm + Q-(7Vd' f^y2_f^^. ^ (^j) 

— ^ — ' — ^ — ^ 
(VII) (IX) (X) 

wherein D' is a group by which the condensation between M and Q is not affected 

adversely, and, when a compound represented by Formula (IX) is a symmetric 

compound, it may be a group identical to Q, and other symbols are defined as described 

above. 

When Compound. (IX) is not a ssrmmetiic compo\md, D' is preferably a group 
which has no particular adverse effect on the condensation between M and Q and which 
can conveniently be converted into L. For example, hydrogen, formyl or protected 
hydroxy or nitro is employed. A protective group for hydroxy may for example be 
benzyl, t-butyldimethylsiLyl and methoxymethyl. A method for converting D' into L is 
similar to that for converting D into L described above. Other conditions are similar to 
those ui the reaction of Compound (VII) and Compound (VIII). 

Compound (VIII) may be a known compound or may be derived by a known 
method or a compound synthesized from Compoimd (Vb) described above by a standard 
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method. 

A compound represented by Formula (I'"): 




wiierein each symbol is deJBned as described above 
may also be synthesized similarly to Compound (1"). 

With regard to Compound (Ic), the following methods may be exemplified for 
obtaining intended compounds. 
(Method A) 

For example, a compound represented by Formula (Ic') (hereinafter referred to 
as Compound (Ic')) whereia each of R"" and B}' is independently hydrogen, optionally 
substituted lower alkyl, optionally substituted lower alkenyl, optionally substituted aryl, 
optionaEy substituted cycloalkyl, optionally substituted acyl or optionally substituted 
lower alkoxycarbonyl, or they are taken together to form -(CR^RV can be obtained 
from a compoimd represented by Formula (XE) (hereinafter referred to as Compoimd 
(XI)) and a compound represented by Formida (XII) (hereinafter referred to as 
Compound (XII)): 




whereia substituent L is a leaving group such as halogen, lower alkylsulfonyl, 
arylsuifonyl, lower alkylsulfonyloxy or arylsulfonyloxy, and other symbols are delined as 
described above. 

Compounds (XI) and (Xtl) are reacted in a suitable solvent (for example, 
benzene, toluene, acetone, acetonitrile, tetrahydrofuran, N, N-dimethyhbrmamide, 
dimethylsulfoxide, pyridine, methanol or ethanol) optionally in the presence of a base 
(for example, sodimn hydride, potassium t-butoxide, pyridine, triethylamine, potassium 
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carbonate, sodium hydroxide or potassium hydroxide) at 0°C or with heating for several 
miautes to several tens hours to give intended Compound (Ic'). 

Compound (Ic") whereia and are taken together to form R'=R'^C= is 
produced from R'^R'^C=N-X^ and Compound (XI) as described above or from Compound 
5 (Ic') wherein R^ and R^ are hydrogens obtained from Compound (XI) and a compound 
represented by Formula (XIII) (hereinafter referred to as Compoimd (XIII)): 



(XI) 




(Ic") 

wherein each s5mibol is defined as described above. 

Ffrst, Compoimd (XI) is reacted with hydra2dne ia a suitable solvent (for 

10 example, toluene, tetrahydrofuran, N, N-dimethylformamide, dimethylsulfoxide, 
pyridine, methanol or ethanol) or without usiag any solvent to give Compound (Ic', 
X^=NH) or subjected to a method employing N-hydroxyphthalimide as described in 
Joxu-nal of Chemical Society, 1926, 2348 or a method employing benzohydroxamic acid 
as described ia Joxu-nal of Chemical Society, 1927, 874 to give Compound (Ic', X^=0). A 

15 compound thus obtained is subjected to a dehydration condensation with a carbonyl 
compoimd (XIII) such as ketone or aldehyde optionally in the presence of an acid 
catalyst (hydrochloric acid, acetic acid, trifluoroacetic acid, lower alkanesulfonic acid, 
arylsulfonic acid and the bie) to give intended Compound (Ic"). 

When one of R'' and R'* in Compoimd (Ic") is lower alkoxy a reaction with a 

20 carbonyl compound (R''C(=0)R'^) in a suitable solvent (for example, toluene, 

tetrahydrofuran, dioxane or dichloromethane) ia the presence of an acid (hydrochloric 
acid, acetic acid, percMoric acid and the hke) is effected, whereby converting into an 
intended compound having other R'^ and R"^. 

Compound (Ic') wherein R^ and R^ are hydrogens can also be synthesized from 



a compoimd represented by Formula (XI') (hereinafter referred to as Compotuid (XI'): 
— ' — ' w"' — ' — ' — ' — ' 

(XIO (Ic') 

wherein Q is NHg or a group by which SuzuM reaction is not affected adversely and 
which can be converted iato substituent L by a general method, and other symbols are 
5 delmed as described above. 

For example, Compound (XI', Q=OH) is converted into an alkoxide or 
phenoxide using a suitable base (for example, sodium hydride, potassium t-butoxide, 
potassium carbonate, sodium hydroxide and potassium hydroxide) and then reacted 
with chloramine or O-arylsidfonylhydroxylamiae (Journal of Organic Chemistry, 1973 
10 (38) 1239-1241) or Compound (XI', Q=NH2) is reacted with chloramine or 

hydroxylamiae-O-sidfonic acid (Journal of Organic Chemistry, 1949 (14) 813). 



(Metihod B) 

Compound (Ic') can be produced also by reacttag a compoimd represented by 
15 Formula (XIV) (hereinafter referred to as Compound (XTV)) with a compoimd 
represented by Formula (XV) (hereinafter referred to as Compound (XV)): 




(XIV) (Ic^ 



wherein one of M and D is dihydroxyboryl, di-lower alkylboryl or di-lower alkoxyboryl 
20 and the other is halogen or -OS02(CqF2q+i) wherein q is an integer of 0 to 4, and other 
symbols axe defined as described above. 

Compound (XIV) and Compound (XV) are reacted in a mixture of a suitable 
solvent (for example, benzene, toluene, N, N-dimethylformamide, dimethoxyethane, 

47 



tetrahydrofuian, dioxane, ethanol or methanol) with water or in an anhydrous system 
in the presence of a palladium catalyst (for example Pd(PPh3)4j PdCl2(PPh3)2, PdCl2, 
Pd(0Ac)2 or PdCl2(CH3CN)2, preferably Pd(PPh3)4) in a basic condition (with a base such 
as K3PO4, NaHCOs, NaOEt, NasCOs, EtgN, Ba(0H)2, CS2CO3, CsF, NaOH or AggCOg) at 
5 room temperature or with heating for several tens minutes to several tens hours to 
give Compound (Id). 

Compo\md (XV) may be a known compound or may be obtained by a method 
for Compounds (Ic') and (IC") described above. 

One of substituent M and substituent D is any boryl group capable of being 
10 used ia SuzuM reaction, and preferably dihydroxyboryl. The other is any leaving 

group apphcable to Suzuki reaction, such as halogen or -OS02(CqF2q+i) wherein q is an 
integer of 0 to 4. Those preferred especially are halogen and 

trifluorome thane sulfonyloxy (hereinafter abbreviated as OTf), with bromine, iodine and 
OTf being most preferred. 

15 Other substituents on ring A, ring B and ring C in Compoimds (XIV) and (XV) 

and -X^-Y' are any groups by which Suzvdd reaction is not affected adversely, including 
those except for halogen and -OS02(CqF2q+i) wherein q is an integer of 0 to 4, and even 
when any of the substituents on rings A, B and C is halogen, the reaction described 
above can satisfactorily be advanced when the reactivity between substituents M and D 

20 is higher relatively. 

Compoimds (XI) and (XI') in the reaction scheme shown above may be known 
compounds or can be sjmthesized by a known method or by the foUowtng method: 
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(XI') 

wherein substituent Q is NH2 or a group by which Suzxxki reaction is not affected 
adversely and which can be converted into snbstituent L by a general method, and 
other symbols are defined as described above. 
5 Usiag Compoomd (XTV) which is a known compound or obtained by a method 

described ia WO98/04508 and Compound (XV') which is a known compoxmd or obtained 
from a known compound by a standard method, Compoimd (XI) is obtained by Suzuki 
reaction similarly to the steps described above. When substituent L has any adverse 
effect on Suzuki reaction, Compoimd (XV") is employed first to obtain Compound (XI") 

10 and then substituent Q is converted into substituent L. 

For example, when substituent Q is hydroxy, conversion iato halogen can be 
accompHshed under a standard condition, or, an intended compound can be obtained 
using a suitable sulfonylating agent (for example, methanesulfonyl chloride, p- 
toluenesulfonyl chloride or trifluoromethane sulfonic anhydride). Also when 

15 substituent Q is hydroxy which has previously been protected with a suitable protective 
group such as benzyl, t-butyldimethylsilyl or methoxymethyl, it is deprotected by a 
standard method into hydroxy, and subsequent procedure in accordance with the 
method described above results in an intended compound. 

Also when substituent Q is lower alkylthio or optionally substituted arylthio, each may 
20 be converted into a corresponding sxilfone form using a suitable oxidizing agent (for 
example, hydrogen peroxide, peracetic acid, m-chloroperbenzoic acid, oxone 
monoperstdfate compoxmd). 
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Compound (XTV) employed in the reaction described above may be a known 
compoxmd, or may be produced from a known compound by Suzuki reaction. 

While Compound (1) is synthesized most efficiently and conveniently by 
employing Suzuki reaction described above, silicon, zinc or tin may also be employed 
5 instead of a boryl group in the scheme shown above as described in WO98/04508. 

In the case of a compound having a substituent which interferes with a 
reaction described above, such group is protected first with a suitable protective group, 
which is then cleaved at an appropriate stage by a standard method. For example, 
when hydroxy interferes with a reaction, it is protected for example with 
10 methoxymethyl, methanesuKonyl, benzyl, triO-Uoromethanesulfonyl or t- 
butyldimethylsilyl, which is cleaved at an appropriate stage. 

For example, when hydroxy is protected with methanesulfonyl, 
methane sulfonyl chloride is allowed to react in a solvent such as dichloromethane, 
chloroform or carbon tetrachloride in the presence of a base such as triethylamiae or 
15 pyridine imder cooling with ice or at room temperature for several hours. A 
deprotection can be effected ra a solvent such as dimethylsulfoxide, N, N- 
dimethylformamide, tetrahydrofuran, dioxane and dimethoxyethane using 1 to 4 N 
sodium hydroxide, potassiiam hydroxide, an aqueous solution thereof, sodium 
methoxide or ethylmagnesium bromide at room temperature or with heating for several 
20 tens miautes to several hours. 

When methoxjmiethyl is used to protect hydroxy, a reaction with chloromethyl 
methyl ether is carried out ia a solvent such as tetrahydrofuran, dioxane and 
dimethoxyethane in the presence of sodium hydride or diisopropylethylamiae, whereby 
forming protected hydroxy. A deprotection may ordinarily be carried out in. a solvent 
25 such as methanol, tetrahydrofuran and acetic acid using hydrochloric acid or suhuric 
acid, 

When t-butyldimethylsUyl is used as a protective group, a reaction with t- 
butyldimethylsdyl chloride or t-butyldimethylsilyl triflate is carried out in a solvent 
such as N, N-dunethylformamide, acetonitrile, tetrahydrofuran and dichloromethane in 
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the presence of imidazole, triethylamiae or 2, S-lutidine. For a deprotection, a 
protective group can be cleaved by a reaction with tetrabutylammonium fluoride in a 
solvent such as tetrahydrofuran. 

A compound according to the invention obtained as described above can 
5 further be converted into a prodrug. 

The term "prodrug" is any compound that can readily be subjected to an in 
vivo conversion into an active compound according to the invention, and a prodrug can 
be obtained by any standard method. A method for selecting and producing a suitable 
prodrug derivative is described for example ia Design of Prodrugs, Elsevier, Amsterdam, 
10 1985. According to this reference, a group employed usually for obtaining a prodrug is 
introduced iato carboxy, hydroxy or amiao bound at any position in a compound of the 
invention. 

For example, when hydroxy is present as a substituent on ring A or ring C, - 
COCH2CH2COOH, -COCH=CHCOOH, -COCH2SO3H, -FOgHa, -COCHaNMea and -CO- 

15 Py (Py is pyridyl) can for example be introduced. 

When amino is present as a substituent on ring A or ring C, -C00CR''R'0C0CH2W 
(whereia each of and B} is independently hydrogen or lower alkyl, R^ is H, -OH, -CONHR^ - 
OCONHR^ -(NHC0CRiR'"),NHC0CH3, -(NHCOCR^R'")uNHCOC2H5, -CSNH2, - 
(OCH2CH2)tOH, -OCH3, -(OCH2CH2)tOCH3, -COCH3, -COC2H5, -OCOCH3, -OCOC2H5, -NHOH, 

20 -NHCONH2, -NHCSNH2, -NHSO2CH3, -N(S02CH3)2, -SO2NH2, -SOMe, -SO2CH3, - 
OCH2CONH2, -0CH2C0N(CH3)2, -S02N(CH3)2, -PO(OCH3)2, -NHCSNHC2H5Et, - 
CH=NNHC0NH2, -CH=NNHCSNH2, -CH=NNHS02CH3, triazolyl, tetrazolyl and the hke, 
each of R^ B} and R"" is hydrogen or lower altyl, t is 1 or 2, u is an iateger of 0 to 2), - 
C00CHCMe)0C0CMe3, -COOCH20CO(CH2)i4Me, -COOCHaOCO-Pyr, -CH2NHCO-CSH4-0- 

25 OCHgOAc and the hke wherein Pyr is pyridyl, Ac is acetyl can be introduced. 

When introducing substituted acyloxycarbonyl (-COOCR'^R'OCOCHaR) 
described above into amino present at any position in a compovmd of the invention to 
form a prodrug, the amino present in any position of the compound of the invention is 
a-haloalkoxycarbonylated and reacted with a suitable carboxyHc acid under an 



appropriate condition, whereby obtaining the prodrug. 

A method for sj^the sizing such an acyloxyalkylcarbamate is described for 
example in WO96/18605. 

Typically, an amino-containing compound of the invention and a-haloalky] 
chloroformate are reacted in an inert solvent (diethylether, tetrahydrofuran, 1,4- 
dioxane, ethyl acetate, toluene and the like) in the presence of a base (pyridine, 
triethylamine, N-methyhnorpholine and the hke) at 0°C to room temperature to give a 
haloalkoxycarbamate compound. Then a compound thus obtained was reacted in a 
solvent (N, N-dimethyhormamide, N, N-dimethylacetoamide, dimethylsulfoxide, 
suhblane and the hke) with a salt of a substituted carboxyhc acid (for example, alkahne 
metal salt, alkaline earth metal salt, silver salt, mercury salt and the hke) at room 
temperature or with heating for several hours to several days to give a prodrug 
compound. 

A substituent interferiag with the formation of a prodrug, if any, can 
previously be protected with an appropriate protective group and then cleaved at an 
appropriate stage by a standard method. 

In the specification, the term "Th2 differentiation inhibitor" is a 
pharmaceutical composition which inhibits the differentiation fi-om ThO cells to Th2 
cells, thus, a pharmaceutical composition for treating and/or preventing diseases 
induced by Th2 cells or by cytokines produced by Th2 ceUs. 

Th2 differentiation inhibitors of the invention reduce the population of Th2 
ceUs to give a reduction ui the level of Th2 cell-derived cytokines, whereby exerting its 
inhibitory effects on B-ceUs activation and antibody production, which are associated 
further with the following characteristics. 

An activation of B-cells while resting is beUeved to require a contact between 
Th2 cells and the B-ceUs as weU as a stimulation of Th2 cell-derive cytokines, and Th2 
differentiation inh ibitors of the invention have an inhibitory effect also on the activation 
of the B-cehs by the Th2 cehs themselves. Accordingly a more effective treatment and 
prevention of allergic diseases or autoimmune diseases is possible when compared with 
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conventional anti-allergic agents. 

A certain allergic diseases such as asthma and airway inflammation is known 
to be induced by Th2 cells themselves, and Th2 differentiation inhibitors of the 
invention is effective also in treating diseases against which IgE production inhibitors 
5 alone, for example, are not expected to be so effective. 

Th2 differentiation inhibitors of the invention do not inhibit the differentiation 
from ThO cells to Thl cells, thus exhibiting a high Th2 selectivity. Accordingly, it 
shows no inhibitory effect on the protection agaiast an iofection with a virus or 
iatracellular parasite ia which Thl cells are beheved to be iavolved (for example, 

10 tuberculosis, leprosy, chlamydia), but inhibits advantageously the advancement of 

acquired immunodeficiency syndrome (AIDS), thus beiag an excellent pharmaceutical 
having less side effects. 

Th2 differentiation inhibitors of the invention are effective against immune 
diseases classified as type-Th2 immime diseases. For example, they are used 

15 preferably as therapeutic and/or prophylactic agents against graft immime diseases 
(chronic GVHD), autoimmxme diseases (especially organ non-specific autoimmime 
diseases) and t5^e-Th2 allergic diseases. Diseases exemplified typically are ulcerative 
cohtis, systemic lupus erythematodes, myasthenia gravis, systemic progressive 
scleroderma, rheumatoid arthritis, iuterstitial cystitis, Hashimoto's diseases, Basedow's 

20 diseases, autoimmxme hemolytic anemia, idiopathic thrombocytopenic purpm-a, 
Gk)odpastvire's S5mdrome, atrophic gastritis, pernicious anemia, Addison diseases, 
pemphigus, pemphigoid, lenticiilar uveitis, sympathetic ophthalmia, primary bihary 
cirrhosis, active chronic hepatitis, Sjogren's S3Tidrome, multiple myositis, 
dermatomyositis, polyarteritis nodosa, rheumatic fever, glomerxilar nephritis (lupus 

25 nephritis, IgAnephtopatiiy and the like), allergic encephalitis, atopic allergic diseases 
(for example, bronchial asthma, allergic rhinitis, allergic dermatitis, allergic 
conjimctivitis, polhnosis, urticaria, food allergy and the hke), Omenn's syndrome, vernal 
conjimctivitis and hypereosiaophihc syndrome. A particular effectiveness is observed 
especially in organ non-specific autoimmune diseases such as graft immune diseases 
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(chronic GVHD), xdcerative colitis, systemic lupus erythematosus, myasthenia gravis, 
systemic progressive scleroderma, rheumatoid arthritis, lupus nephritis, interstitial 
cystitis and the hke. 

When Th2 differentiation inhibitors of the invention are administered, it can 
5 be given orally and parenterally. When administered orally, a formulation employed 
customarily such as tablet, granule, powder, capsule, pill, solution, syrup, buccal or 
subhngual formulation may be given in a standard manner. When administered 
parenterally, a formulation employed customarily such as intramuscular or intravenous 
injection formulation, suppository, percutaneous absorption and inhalation 

10 formulations can preferably be given. An oral administration is particularly preferred. 

An effective amount of a compound according to the invention can be mixed if 
necessary with various pharmaceutical additives suitable for its particular dosage form 
such as excipient, binder, lubricant, disiategrant, lubricant, diluent and the like to form 
a pharmaceutical formulation. A formulation for injection may he prepared using a 

15 suitable vehicle to be sterihzed simultaneously. 

Those exemplified typically are lactose, sugar, glucose, starch, calciiun 
carbonate or crystalline cellulose as an excipient, methyl cellulose, carboxymethyl 
cellulose, hydroxypropyl cellulose, gelatin or polyvinyl pjTrohdone as a binder, 
carboxymethyl ceUulose, sodium carboxymethyl cellulose, starch, sodium alginate, agar 

20 power or sodium laurylsulfate as a disintegrant, talc, magnesium stearate or Macrogol 
as a lubricant. A suppository base may for example be cocoa butter, Macrogol and 
methylceUidose . A hquid, emulsion or suspension formulation for injection may be 
formulated using customarily employed solubihzing agent, suspending agent, 
emxdsifier, stabihzer, preservative, isotonizing agent and other additives, and an oral 

25 formulation may contain sweetening agents and flavors. 

Th2 differentiation inhibitors of the invention can be given alone or in 
combiaation with other anti-aUergic agents if necessary. An agent which can be 
employed in combination may for example be a steroid, a known anti-allergic agent and 
a bronchodUator. 



While the dose of Th2 differentiation inhibitors of the invention are adjusted 
preferably on the basis of patient's age, body weight, tj^e and severity of the diseases as 
well as the administration route, it is usually 0.05 to 100 mg/kg/day, preferably 0.1 to 10 
mg/kg/day in adults. While the dose when given parenterally varies greatly depending 
5 on the administration route, it is usually 0.0001 to 10 mg/kg/day preferably 0.001 to 1 
mg/kg/day. Such dose may be divided into several portions, which axe given over a day. 

The present invention is further described in the following Examples, which 
are not intended to restrict the invention. 

10 Examples 

Reference Example 1 Synthesis of Compound (1-6) 




DME-EtOH-aqNaaCOs Me 3 DME-EtOH-aqNaaCOs 




(Step 1) 

To a solution of Compoimd (1) (23.7 g, 0.1 mol) in dimethoxyethane (300 ml)- 
15 efhanol (150 ml), an aqueous solution (150 ml) of boronic acid (2) (22.88 g, 0.1 mol) and 
sodium carbonate (31.8 g, 0.3 mol) was added and the reaction mixture was deaerated. 
Tetrakis(triphenylphosphine)paLladium (3.47 g, 3 mmol) was added and the mixture 
was heated under reflxix under nitrogen atmosphere for 2 hours, and then diluted with 
water and extracted with ethyl acetate. The extract was washed with saturated brine, 
20 dried, concentrated, and the resultant residue was crystallized from hexane to obtain 
Compound (3) (24.92g, yield: 84%). 
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(Step 2) 

Similarly to Step 1, Compound (3) (20.0 68.0 mmol) andboronic acid (4) 
(14.94 g, 88.3 mmol) were reacted for 18 houj-s and the extraction residue was puriJied 
by a cbromatography on silica gel (hexaneietkyl acetate=2:l) to obtain Compound 5 
5 (19.24 g; Yield: 84%). 
(Step 3) 

To a solution of Compoimd (5) (21.15 g, 62.5 mmol) in dichloromethane (200 
ml) under cooling on ice, pyridine (6.6 ml, 81.2 mmol) and then trifluoroacetic anhydride 
(10.6 ml, 75.0 mmol) were added, and the mixture was stirred at room temperature for 
10 1 hour. The reaction mixture was diluted with ethyl acetate, and then washed 

successively with water, 1 N hydrochloric acid and a 5% aqueous solution of sodiiun 
hydrogen carbonate, dried, concentrated to give Compound (6) (22.80 g; Yield; 84%). 
(Step 4) 

To a solution of Compound (6) (14.0 g, 32.2 mmol) in dichloromethane (300 ml) 
15 under cooling on ice, m-chloroperbenzoic acid (14.46 g, 83.8 mmol) was added and the 
mixture was stirred at room temperature for 3 hours. The reaction mixture was 
combined with an aqueous solution of sodium thiosuhate, extracted with ethyl acetate, 
washed twice with an saturated aqueous solution of sodium hydrogen carbonate, dried 
and concentrated. The residue was washed with hexane to obtain Compound (7) 
20 (12.97 g; Yield 86%). 
(Step 5) 

A solution of Compoimd (7) (15.0 g, 32.2 mmol) in DMF (65 ml) was combined 
with potassitmi carbonate (6,67 g, 48.2 mmol) foUowed by prenyl bromide (4.81 ml, 41.8 
mmol), and then stirred for 18 hoiu-s at room temperature. The reaction mixture was 
25 diluted with ethyl acetate, washed successively with water and saturated brine, dried 
and concentrated to obtain a residue, which was then dissolved in tetrahydrofuran (150 
ml). A reaction mixture prepared by adding sodiiim hydride (60% in mineral oil, 3.85 g, 
96.5 mmol) to a solution of prenol (9.8 ml, 96.5 mmol) in tetrahydrofuran (150 ml) was 
added \mder coohng on ice, and the mixture was stirred further for 2 hours at the same 



temperature. The reaction mixture was diluted with ethyl acetate, washed 
successively with water and saturated brine, dried and concentrated. The residue was 
purified by a chromatography on sihca gel (hexane: ethyl acetate = 7:1) to obtain 
Compound a-6) (12.5 g; Yield: 87%). 
5 mp 87to88°C 

1h NMR (CDCI3) 5 H1.74 (s, 3H), 1.78 (s, 3H), 1.79 (s, 3H), 1.80 (s, 3H), 2.22 (s, 3H), 2.26 (s, 
3H), 3.71 (d, J = 6.9Hz, 2H), 4.87 (d, J = 7.2Hz, 2H), 5.32-5.37 (m, IH), 5.55-5.60 (m, IH), 6.35- 
6.47 (m, 2H), 6.81 (dd, J = 0.6, 8.4Hz, IH), 7.02-7.13 (m, 3H), 7.59 (dd, J = 2.4, 8.4Hz, IH), 8.16 
(dd, J = 0.9, 5.7Hz, lH)ppm. 
10 IR (Nujol): 3330, 2923, 2853, 1627, 1606, 1564, 1527, 1481, 1471, 1395, 1376, 1357, 1337, 1284, 
1240, 1178, 1116, 990cm-l 



Reference Example 2 Synthesis of Compoimd (1-134) 




Me 

1-134 

15 

(Step 1) 

To a solution of Compound (8) (23.7 g, 0.1 mol, Journal of Organic Chemistry, 
1961 (26) 3351-3356) in dimethoxyethane (300 ml) - ethanol (150 ml), boronic acid (9) 
(22.88 g, 0.1 mol) and an aqueous solution (150 ml) of sodium carbonate (31.8 g, 0.3 mol) 
20 was added and the reaction mixture was deaerated. Tetrakis (triphenylphosphine) 
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palladium (3.47 g, 3 mmol) was added and the mixture was heated under reflux under 
nitrogen atmosphere for 2 hours, and then diluted with water and extracted with ethyl 
acetate. The extract was washed with saturated brine, dried and concentrated, and 
the resultant residue was crystaUized from hexane to obtain Compound (10) (24.92g, 
5 yield: 84%). 
(Step 2) 

Similarly to Step 1, Compound (12) (1.56 g; Yield: 92%) was obtained from 
Compound (10) (1.47 g, 5 mmol) andboronic acid (11) (1.01 g, 6 mmol). 
(Step 3) 

10 To a solution of Compoimd (12) (1.56 g, 4.62 mmol) in dichloromethane (5 ml) 

under cooling on ice, pjTidine (0.56 ml, 6.92 mmol) and then triELuoroacetic anhydride 
(0.78 ml, 5.54 mmol) were added, and the mixture was stirred at room temperature for 
1 hour. The reaction mixture was diluted with ethyl acetate, and then washed 
successively with water, a 5% aqueous solution of sodium hydrogen carbonate and 

15 saturated briae, and then dried and concentrated. The residue dissolved ia 

dichloromethane (16 ml) was treated under coohng on ice with m-chloroperbenzoic acid 
(2.0 g, 11.6 mmol) and stirred at room temperature for 3 hours. The reaction mixture 
was treated with an aqueous solution of sodium thiosulfate and extracted with 
chloroform, washed twice with a 5% aqueous solution of sodium hydrogen carbonate, 

20 dried and then concentrated. The residue was dissolved ia N, N-dimethylformamide 
(8 ml), combined with potassiinn carbonate (720 mg, 5.21 mmol) followed by prenyl 
bromide (0.52 ml, 4.34 mmol), and stirred at room temperature for 14 hoxurs. The 
reaction mixture was diluted with ethyl acetate, washed successively with water and 
saturated brine, dried and concentrated. The residue was pin-ified by a 

25 chromatography on sihca gel (hexane:ethyl acetate = 2:1) to obtain Compound (13) (1.71 
g; Yield: 69%). 
(Step 4) 

To a solution of acetoxime (137 mg, 1.87 mmol) in N, N-dimethylformamide (3 
ml), sodium hydride (60% in mineral oil, 137 mg, 1.87 mmol) was added, and the 
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mixture was stirred at room temperature for 1 hour, and then Compound (13) (250 mg, 
0.468 mmol) was further added. The mixture was stirred at room temperature for 14 
hours, diluted with ethyl acetate, washed successively with a 5% aqueous solution of 
citric acid and saturated brine, dried and concentrated. The residue was purified by a 
5 chromatography on sihca gel (hexane: ethyl acetate = 7:3) to obtaia Compound (1-134) 
(126 mg; Yield: 62%). 

mp 135 to 137°C;1H NMR (CDCI3) 6 1.74 (s, 3H), 1.78 (s, 3H), 2.09 (s, 3H), 2.16 (s, 3H), 
2.22 (s, 3H), 2.26 (s, 3H), 3.72 (d, J = 6.6Hz, 2H), 3.90 (br s, IH), 5.35 (m, IH), 6.39 (dd, J 
= 2.4, 12.3Hz, IH), 6.46 (dd, J = 2.4, 8.4Hz, IH), 7.06 (t, J = 8.4Hz, IH), 7.12 (s, IH), 
10 7.13 (s, IH), 7.23 (dd, J = 0.6, 8.7Hz, IH), 7.70 (dd, J = 2.4, 8.7Hz, IH), 8.28 (dd, J = 0.6, 
2.4Hz, IH) ppm 

Reference Example 3 Synthesis of Compoxm.d (9) 

A suspension of l,4-dibromo-2,5-dimethylbenzene (154 g, 583 mmol) in 

15 tetrahydrofuran (1.3 L) was cooled to -78°C, and a 1.53 M solution of butylhthium - 
hexane (400 ml, 612 mmol) was added dropwise over 30 minutes. After stirruig the 
reaction mixture at the same temperature further for 1 houi, trusopropyl borate (170 ml, 
734 mmol) was added at once and the cooling medium was removed to allow the 
mixture to warm with stirring for 1 hour. After adding water (300 ml) and 1 N 

20 hydrochloric acid (650 ml), the mixture was extracted with ethyl acetate, and the 
extract was washed with water and saturated brine, dried and concentrated. A 
crystaUine residue was washed with hexane and filtered to give Compound (9) (115 g; 
Yield 86%). 

25 Reference Example 4 Synthesis of Compound (11) 

A solution of a 1.53 M solution of butyUithium - hexane (500 ml, 765 mmol) in 
tetrahydrofuran (1.28 L) was cooled to -78°C, and a solution of 5-bromo-2- 
methylchiopyridine (142 g, 695 mmol) in tetrahydrofuran (400 ml) was added dropwise 
over 40 minutes. After stirring the reaction mixture at the same temperature further 
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for 30 minutes, triisopropyl borate (195 ml, 834 mmol) was added dropwise over 30 
minutes. The cooling medium was removed, and the mixture was allowed to warm 
with stirring for 30 minutes. After adding water (320 ml), the mixture was 
concentrated under reduced pressure and the residue was diluted again with water 
5 (710 ml) and isopropylether (210 ml). The reaction mixttire was stin-ed at room 
temperature with a dropwise addition of 3 N hydrochloric acid (675 ml), and the 
precipitating crystal was filtered, washed with water and isopropylether and dried to 
obtain Compound (11) (111 g; Yield:95%). 
mp 151 to 154°C 

10 Anal Calcd for C6H8BNO2S: C, 42.64; H, 4.77; N, 8.29; S, 18.97. 
Found: C, 42.56; H, 4.88; N, 8.14; S, 18.79. 

lH-NMR(DMSO-d6)5 2.51 (s, 3H), 7.25 (dd, J = 0.9, 8.1Hz, IH), 7.93 (dd, J = 2.1, 8.1Hz, 
IH), 8.73 (dd, J = 0.9, 2.1Hz, IH) ppm. 

15 Reference Example 5 Synthesis of Compound (1-179) 



1) tBuOK 




1-179 



A solution of Compound (14) (261 mg, 0.65 mmol), which was obtained by a 
method described in WO98/04508, in methanol (4 ml) was cooled to 0°C, treated with 
potassium t-butoxide (75 mg, 0.65 mmol) and stirred for 15 minutes. After distil l ing 

20 the solvent off imder reduced pressure followed by drying, the residue was dissolved in 
N, N-dimethylformamide (2.5 ml). 0-Mesithylene sulfonyl hydroxylamine (Journal of 
Organic Chemistry 1973 (38) 1239-1241) (251 mg, 1.16 mmol) was added, and the 
reaction mixture was stirred for 1 hour, poured into water, and extracted with 
ethylether:ethyl acetate (1:1). The extract was washed with water and saturated brine, 

25 dried, concentrated to obtain a residue, which was dissolved in methanol (3 ml), 

combined with acetone (0.48 mi, 6.5 mmol) and stirred at room temperature for 1 hour. 
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The reaction mixtiire was concentrated, and the residue was purij&ed by a 
chromatography on sihca gel (hexane:ethyl acetate = 10:1) to obtahi Compound (1-179) 
(118 mg; Yield: 40%). 

mp 129 to 130°C; NMR (CDCI3) 5 1.74 (s, 3H), 1.78 (s, 3H), 1.96 (s, 6H), 1.98 (s, 
5 6H), 2.06 (s, 3H), 2.15 (s, 3H), 3.60 (br s, IH), 3.74 (d, J = 6.6Hz, 2H), 5.40 (m, IH), 6.69 
(d, J = 8.7Hz, 2H), 6.87-6.98 (m, 4H), 7.48 (t, J=8.4H2, IH) ppm 



Reference Example 6 Synthesis of Compound (1-235) 




10 (Step 1) Synthesis of Compound (16) 

To a solution of Compoimd (15) (4.41 g, 15.0 mmol) in dichloromethane (45 ml), 
3-methyl-2-butenal (1.74 ml, 18.0 mmol), acetic acid (1.8 g, 30.0 mmol) and sodixim 
triacetoxyborohydride (6.36 g, 30.0 mmol) were added successively, and the reaction 
mixture was stirred for 15 hours. The reaction mixture was poured into water, 

15 extracted with ethyl acetate, and the extract was washed with an aqueous solution of 
sodium hydrogen carbonate and saturated brine, dried and concentrated. The residue 
was purified by a chromatography on sihca gel (hexaneiethyl acetate = 9:1) to obtain 
Compound (16) (4.09 g; Yield: 75%). 
(Step 2) Synthesis of Compoimd (17) 

20 A solution of Compound (16) (2.4 g, 6.62 mmol) in tetrahydrofuran (24 ml) was 

cooled to -78°C, and treated dropwise with 1.53 M butyUithiimi (10.4 ml, 15.9 mmol) 
over 30 minutes. After stirring the reaction mixture for further 2 hours followed by 
adding trusopropyl borate (5.5 ml, 23.8 mmol), the cooling medium was removed and 
the mixture was allowed to warm to room temperature with stirring for 30 muiutes. 



t±Le reaction mixture was poiaxed iato watBr, which was then extracted with ethyl 
acetate, and the extract was washed with an aqueous solution of ammonium chloride 
and saturated briae, dried aad concentrated. The crystalliae residue was washed with 
hexane and filtered to obtain Compoxmd (17) (1.82 g; Yield: 87%). 
5 lH-NMR(DMSO-d6)6 1.70 (s, 3H), 1.72 (s, 3H), 2.12 (s, 3H), 2.63 (s, 3H), 3.63 (br t, 2H), 
5.28 (br t, IH), 6.01 (br t, IH), 6.37 (dd, J = 2.1, 13.2Hz, IH), 6.46 (dd, J = 2.1, 8.4Hz, 
IH), 6.92(s, IH), 6.97 (t, J = 8.4Hz, IH), 7.77 (s, IH) ppm. 
(Step 3) Synthesis of Compound ([-235) 

Similarly to Step 1 ia Reference Example 2, Compoimd ([-235) (268 mg; Yield: 
10 83%) was obtained from Compotm.d (18) (175 mg, 0.75 mmol) and boronic acid (17) (245 
mg, 0.75 mmol). 

foam; NMR (CDCI3) 6 1.74 (s, 3H), 1.78 (s, 3H), 1.93 (s, 3H), 2.08 (s, 3H), 2.22 (s, 3H), 
2.27 (s, 3H), 3.72 (br d, J= 5.4Hz, 2H), 3.77 (br s, IH), 5.35 (m, IH), 6.38 (dd, J = 2.4Hz, 
12.3, IH), 6.45 (dd, J = 2.4, 8.4Hz, IH), 7.06 (t, J= 8.4Hz, IH), 7.12 (s, IH), 7.13 (s, IH), 
15 7.27 (d, J = 8.4Hz, IH), 7.61 (dd, J= 2.1, 8.4Hz, IH), 7.68 (br s, IH), 8.13 (d, J = 2.1Hz, 
IH) ppm. 

Reference Example 7 Synthesis of Compound (18) 

5-Bromo-2-hydrazinopyridine (Journal of Heterocychc Chemistry, 1986 (23) 
20 1071) (376 mg, 2.0 mmol) was heated under reflux for 15 miautes in acetone (1 ml) and 
ethanol (4 ml). The reaction mixture was concentrated to obtain Compoimd (18) as a 
crystalline residue (456 mg, quantitative yield). 

Reference Example 8 Synthesis of Compotrnd (1-189) 
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(Step 1) Synthesis of Compound (21) 

To a solution of CompoTond (19) (500 mg, 1.42 mmol) in dimethoxyethaae (6 
ml) - ethanol (1.5 ml), boronic acid (20) (624 mg, 1.57 mmol) and a 2 M aqueous solution 
5 of sodium carbonate (3 ml) were added, and the reaction mixture was deaerated. 

Tetra]ds(triphenylphosphine)paQadium (49 mg, 0.04 mmol) was added, and the mixture 
was heated under reflux under nitrogen atmosphere for 18 hours, cooled, diluted with 
water, and then extracted with ethyl acetate. The extract was washed with saturated 
brine, dried, concentrated to obtain a residue, which was purified by a chromatography 

10 on SLbca gel (hexane:ethyl acetate = 4:1) to obtain Compound (21) (604 mg; Yield: 95%). 
(Step 2) Synthesis of Compound (22) 

To a solution of Compoimd (21) (604 mg, 1.36 mmol) in tetrahydrofuran (6 ml) 
under cooling on ice, triethylamine (0.28 ml, 2.03 mmol) and then trifluoroacetic 
anhydride (0.23 ml, 1.63 mmol) were added and the mixture was stirred for 15 minutes. 

15 The reaction mixture was diluted with ethyl acetate, and then washed successively with 
water and saturated brine, dried and concentrated. 

A solution of a crude product in N, N-dimethyhbrmamide (4 ml) was combined 
with potassium carbonate (375 mg, 2.71 mmol) followed by prenyl bromide (0.31 ml, 
2.71 mmol) and stirred at room temperature for 3 hours. The reaction mixture was 

20 poured into water, extracted with ethyl acetate - ethylether (1:1), and the extract was 
washed successively with water and saturated brine, dried and concentiated. The 
residue was pm-ified by a chromatography on sihca gel (hexane:ethyl acetate = 19:1) 
and dissolved in tetrahydrofuran (8 ml). Under coohng on ice, a 1 M 



tetrabutylammonium fluoride solution in tetraliyclrofuran(0.15 ml, 1.5 mmol) was 
added, and the mixtirre was stirred for 1 hour. The reaction mixture was poured into 
water, extracted with ethyl acetate, and the extract was washed with saturated brine, 
dried and concentrated. The residue was pmrified by a chromatography on sflica gel 
5 (hexane:ethyl acetate = 3: 1) to obtam Compound (22) (543 mg; Yield: 81%). 
(Step 3) Synthesis of Compound (1-189) 

A solution of Compound (22) (236 mg, 0.48 mmol) in dichloromethane (4 ml) 
under coohng on ice was treated with triphenylphosphine (162 mg, 0.62 mjnol) followed 
by carbon tetiabromide (205 mg, 0.62 mmol) and stirred for 30 miautes. The reaction 

10 mixture was diluted with ethyl acetate, washed successively with water and saturated 
brine, dried and concentrated. The residue was purified by a chromatography on sOica 
gel (hexane:ethyl acetate = 9:1) and dissolved in N, N-dunethylformamide (3 ml). 

To a solution of acetoxime (139 mg, 1.9 mmol) in N, N-dimethyhbrmamide (2 
ml), potassium t-butoxide (187 mg, 1.67 mmol) was added and the mixture was stirred 

15 at room temperature for 30 minutes and then cooled to 0°C. This reaction mixture 

was combined with a solution of the bromide in N, N-dimethyhbrmamide and stirred at 
room temperature for 3 hours. The reaction mixtiire was poured into water, extracted 
with ethylether:ethyl acetate (1:1), and the extract was washed with saturated brine, 
dried and concentrated. The residue was pm-ified by a chromatography on sihca gel 

20 (hexane:ethyl acetate = 10:1) and crystallized from ethylether - hexane to obtain 
Compound 0-189) (117 mg; Yield: 54%). 

mp 127.5-128.5 °C; Ir NMR (CDCI3) ™ 1.73 (s, 3H), 1.78 (s, 3H), 1.92 (s, 3H), 1.95 (s, 9H), 
1.99 (s, 6H), 3.76 (d, J = 6.6Hz, 2H), 5.15 (s, 2H), 5.41 (m, IH), 6.74 (d, J = 8.1Hz, 2H), 7.00 (d, 
J = 8. iHz, 2H), 7. 16 (d, J = 8. iHz, 2H), 7.41 (d, J = 8. iHz, 2H) ppm 

25 

Reference Example 9 Synthesis of Compound (1-80) 
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(Step 1) 

To a solution of 2,4,5-triinethylpiienol (68.0, 0.5 mol) in dicMoromethane (450 
5 ml), a solution of bromine (52.8 ml, 1.03 mol) in dichloromethane (150 ml) was added 
dropwise under cooling on ice over a period of 1 hour and 23 minutes. After the 
dropwise addition, the mixtin-e was stirred further for 2 hours and 40 minutes. To a 
mixture of sodium hydrogen carbonate (100 g), sodium thiosuLfate pentahydxate (60 g) 
and water (1 L), the reaction mixture was added with stirriag vigorously. The reaction 
10 mixture was extracted twice with dichloromethane, and the extract was dried over 

anhydrous magnesixmi sulfate and concentrated under reduced pressure. The residue 
was crystallized from hexane to obtain Compound (23) (117 g; Yield: 80%). 
mp 138 to 142°C 
(Step 2) 

15 To a solution of Compound (23) (88.2 g, 0.3 mol) ia dimehtoxyethane (600 ml) - 

ethaaol (300 ml), an aqueous solution (600 mL) of boronic acid (24) (73.8 g, 0.3 mol) and 
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sodium carbonate (127 1.2 mol) was added and the reaction mixture was deaerated. 
Tetrakis(triplienylp]iosplune)palladium (17.3 g, 15 mmol) was added and the mixture 
was heated luider reflux imder nitrogen atmosphere for 3 hotirs. The reaction mixture 
was combined with 4 N hydrochloric acid (600 ml) and extracted with ethyl acetate. 
5 The extract was washed with water, a saturated aqueous solution of sodiimi hydrogen 
carbonate and saturated brine, dried and concentrated to obtain a residue, which was 
crystaUized from methanol to obtain Compound (25) (92.9 g; Yield: 75%). 
mp 148 to 150° C 
(Step 3) 

10 To a solution of Compound (25) (83.0 g, 0.2 mol) in N, N-dimethyhbrmamide 

(500 ml), potassium carbonate (80.4 g, 0.22 mol) and methyl iodide (13.7 ml, 0.22 mol) 
were added and the mixture was stirred at room temperature for 24 hours. The 
reaction mixture was combiaed with 1 N hydrochloric acid (220 ml) and water (800 ml) 
and extracted with ethyl acetate. The extract was washed with water and saturated 

15 briae, dried and concentrated to obtain a residue, which was crystaUized from methanol 
to obtain Compound (26) (78.5 g; Yield 92%). 
mp 112 to 114°C 
(Step 4) 

To a solution of Compound (26) (73.0 g, 170 mmol) ia dimethoxyethane (500 
20 ml) - ethanol (100 ml), boronic acid (27) (27.4 g, 200 mmol), barium hydroxide 

octahydrate (126 mg, 400 mmol) and water (100 ml) were added, and the reaction 
mixtiure was deaerated. PaUadimn acetate (0.4 g, 1.78 mmol) was added, and the 
mixture was heated tinder reflvix under nitrogen atmosphere for 1 hour, paUadimn 
acetate (0.4 g, 1.78 mmol) was further added, and the mixture was heated imder reflux 
25 for further 7 hours. To the reaction mixture, activated charcoal (10 g) was added, and 
the mixture was filtered through cehte and concentrated. The residue was dissolved in 
ethyl acetate (1 L), washed with water, dried and concentrated. Under coohng on ice, 
the residue was combined with 4 N hydrogen chloride - ethyl acetate solution (85 ml) 
was added, and the precipitated hydrochloride was recovered by ifiltration. The 
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hydrochloride was conibmed with a 1 N aqueous solution of sodium hydroxide (170 ml), 
and extracted with ethyl acetate. The extract was washed with water, saturated brine, 
a saturated aqueous solution of sodivmi hydrogen carbonate and saturated brine, dried, 
concentrated, and crystalhzed from methanol to obtain Compound (28) (47.8 g; Yield: 
5 64%). 

mp 151 to 153°C 
(Step 5) 

To a solution of Compound (28) (40.0 g, 90.6 mmol) in ethyl acetate (300 ml) 
under coohng on ice, pyridine (8.9 ml, 110 mmol) and then trifluoroacetic anhydride 

10 (14.1 ml, 100 mmol) were added and the mixture was stirred for 20 miautes. The 
reaction mixture was washed successively with an aqueous solution of ammonixun 
chloride, water, an aqueous solution of sodium hydrogen carbonate and sa titrated brine, 
dried, concentrated and crystalhzed from ethyl acetate - hexane to obtain Compound 
(29) (47.5 g; Yield: 98%). 

15 mp 167 to 169°C 
(Step 6) 

To a solution of Compound (29) (45.0 g, 83.7 mmol) in tetrahydrofuran (300 ml), 
20% palladiiun hydroxide/carbon (3.0 g) was added, and the mixture was stirred under 
hydrogen atmosphere at room temperature for 3 hours. The catalyst was filtered off, 
20 and the reaction mixture was concentrated and crystallized from ethyl acetate - hexane 
to obtain Compound (30) (37.1 g; Yield: 99%). 
mp 242 to 244°C 
(Step?) 

To a solution of Compound (30) (36.0 g, 80.5 mmol) in DMF (400 ml), 
25 potassium carbonate (25.0 g, 181 mmol) was added and then prenyl bromide (19.9 ml, 
173 mmol) was added dropwise imder cooling on ice over 5 minutes. After stirring at 
room temperature for 18 hours, potassium carbonate (5.5 g, 40 mmol) and prenyl 
bromide (4.6 ml, 40 mmol) were added and the mixture was stirred further for 1 hour. 
The reaction mixture was combined with 1 N hydrochloric acid (250 ml) and water (250 
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ml), and extracted with ethyl acetate. The extract was washed with water and 
saturated brine, dried, and concentrated to obtain a crude product of Compound (31) as 
an od. This product was used in the next reaction without further purification. 
(Step 8) 

5 The crude product of Compound (31) obtained as described above was 

dissolved in tetrahydrofuran (100 ml) - methanol (500 ml) and treated under cooling on 
ice with a 3 N aqueous solution of potassium hydroxide (80 ml) and stirred for 2 hours. 
The precipitated crystal was recovered by filtration and then washed with water and 
methanol. The resultant crystal was pixrified by a chromatography on sihca gel 
10 (hexane: ethyl acetate = 10:1) and crystaUized from ethanol (250 ml) to obtain 
Compoxmd a-80) (31.3 g; Yield: 80%). 
mp 106 to 108 °C (EtOH); 

iH NMR (CDCI3) 6 1.74 (s, 3H), 1.77 (s, 3H), 1.78 (s, 3H), 1.82 (s, 3H), 1.988 (s, 3H), 
1.992 (s, 3H), 2.03 (s, 3H), 3.34 (s, 3H), 3.70 (brs, IH), 3.74 (d, J=6.7Hz, 2H), 4.64 (d, 
15 J=7.0Hz, 2H), 5.36-5.42 (m, IH), 5.54-5.60 (m, IH), 6.69 (d, J=8.9Hz, 2H), 6.96 (d, 
J=8.5Hz, 2H), 6.98-7.25 (m„ 3H)ppm; 

m (nujor): 8438, 2927, 2854, 1612, 1518, 1466, 1292, 991, 816 cm"^; 
Anal Calcd for C32H38FNO2: C, 78.82; H, 7,85; N, 2.87, F, 3.90. 
Found: C, 78.92; H, 7.67; N, 2.96, F, 3.82. 

20 

Reference Example 10 Sjrathesis of other Compounds (!) 

The following Compoimds (T) were synthesized similarly to Reference Example 

9. 

a-89) 

25 mp 93 to 94.5 °C; 

1h NMR (CDCI3, 300 MHz) 6 1.74 (s, 3H), 1.77 (s, 6H), 1.82 (s, 3H), 1.57 (s, 3H), 1.96 (s, 3H), 
2.06 (s, 3H), 3.32 (s, 3H), 3.75 (d, J= 6.9 Hz, 2H), 4.64 (d, J= 6.9 Hz, 2H), 5.37-5.42 (m, IH), 
5.54-5.60 (m, IH), 6.71 (d, J= 7.8 Hz, 2H), 6.85 (dq, J= 8.3, 1.1 Hz, IH), 6.92 (dd, J= 12.0, 1.8 
Hz, IH), 7.04 (t, J= 8.6 Hz, IH), 7.13 (d, J= 8.7 Hz, 2H) ppm; 
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IR(Nujol) 3437, 1610, 1576, 1518, 1292, 1242, 1115, 991, 814cm-l; 
Anal Calcd for C.32H38FNO2: C, 78.82; H, 7.85; F, 3.90; N, 2.87. 
Found: C, 78.90; H, 7.92; F, 3.78; N, 3.11. 
a-102) 

5 mp 143 to 144 °C; NMR (300 MHz, CDCI3) 6 1.75 (s, 3H), 1.79 (s, 3H), 2.06 (s, 3H), 2.09 (s, 
3H), 3.35 (s, 3H), 3.36 (s, 3H), 3.78 (t, J = 6.0 Hz, 2H), 3.83-3.94 (m, 3H), 4.53 (br s, IH), 5.34- 
5.44 (m, 2H), 6.48 (dd, J= 8.4, 0.9 Hz, IH), 6.73-6.79 (m, IH), 6.92-6.98 (m, 2H), 7.43 (dd, J = 
8.4, 2.4 Hz, IH), 8.05 (dd, J = 2.4, 0.6 Hz, IH) ppm. 
a-108) 

10 mp 96 to 97 °C; ^H NMR (CDCI3) 6 1.74 (s, 3H), 1.79 (s, 6H), 1.82 (s, 3H), 2.05 (s, 6H), 2.18 (s, 
3H), 3.74 (d, J = 6.6Hz, 2H), 4.87 (d, J = 7.2Hz, 2H), 5.39 (t, J = 6.9Hz, IH), 5.58 (t, J = 7.2Hz, 
IH), 6.70 (d, J = 8.4Hz, 2H), 6.81 (d, J = 8.4Hz, IH), 6.96-6.99 (m, 3H), 7.57 (dd, J = 0.9, 8.7Hz, 
IH), 8.16 (d, J = 2.1Hz, IH) ppm; IR (KBr): 3345, 2972, 2913, 1613, 1560, 1522, 1490, 1466, 
1281, 1240, 982, 827 cm"! 

15 (1-55) 

mp 84 to 86 °C; ^H NMR (CDCI3) 6 1.74 (s, 3H), 1.77 (s, 3H), 1.79 (s, 3H), 2.28 (s, 3H), 2.28 (s, 
3H), 3.71 (d, J = 6.9Hz, 2H), 4.93 (d, J = 6.9Hz, 2H), 5.32-5.61 (m, 2H), 6.36-6.48 (m, 2H), 7.05 
(t, J = 8.4Hz, IH), 7.09(s, IH), 7.15(s, IH), 8.53 (s, 2H) ppm, IR (KBr): 3224, 3315, 2970, 
2923, 1628, 1592, 1534, 1474, 1438, 1377, 1341, 1317, 1249, 1173, 1110, 993 cm-1. 
20 0.-81) 

iH NMR (300 MHz, CDCI3) 6 1.74 (s, 3H), 1.78 (s, 3H), 1.80 (s, 3H), 1.83 (s, 3H), 1.98 (s, 3H), 
2.07 (s, 3H), 3.33 (s, 3H), 3.75 (d, J = 6.6 Hz, 2H), 4.88 (d, J = 6.9 Hz, 2H), 5.36-5.43 (m, IH), 
5.55-5.62 (m, IH), 6.71 (d, J = 8.0 Hz, 2H), 6.84 (dd, J = 2.4, 0.8 Hz, IH), 7.30 (d, J = 8.0 Hz, 
2H), 7.40 (dd, J = 8.6, 2.4 Hz, IH), 7.98 (dd, J = 2.4, 0.8 Hz, IH) ppm. 
25 a-90) 

mp 111 to 112 °C; ^H NMR (CDCI3) 6 1.75 (s, 3H), 1.78 (s, 3H), 2.00 (s, 6H), 2.06 (s, 3H), 3.32 
(s, 3H), 3.75 (d, J=6.9Hz, 2H), 4.82 (dq, J=1.4, 8.6Hz, 2H), 5.39 (m, IH), 6.70 (d, J=8.7Hz, 2H), 
6.93-6.97 (m, 3H), 7.64 (dd, J=2.4, 8.4Hz, IH), 8.10 (dd, J=0.3, 2.1Hz, IH) ppm, IR (KBr): 
3407, 2931, 2860, 1613, 1521, 1292, 1274, 1259, 1240, 1164, 1070, 823 cm"! 
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a- 114) 

mp 91 to 91 °C; NMR (CDCI3) 6 1,73 (s, 6H), 1.77 (s, 6H), 2.03 (s, 3H), 2,05 (s,6H), 2.7 (s, 
3H), 3.73 (d, J=6.6Hz, 4H), 5.39 (t, J=6.9Hz, 2H), 6.52-6.57 (m, 4H), 6.95-7,01(m, 4H) ppm 
a- 120) 

5 mp 79 tx) 81 °C; 1H NMR (CDCI3) 6 1.73 (s, 3H), 1.74 (s, 3H), 1.77 (s, 6H), 2.06 (s, 3H), 2.07 (s, 
3H), 2.27 (s, 3H), 3.72 (d, J=6.9Hz, 2H), 3.89 (m, 2H), 4.47 (m, IH), 5.37 (m, 2H), 6.43-6,53 (m, 
3H), 6.95 (d, J=8.lHz, IH), 7.01 (s, IH), 7.07 (s, IH), 7.48 (dd, J=2.1, 8.4Hz, IH), 8.14 (d, 
J=2.lHz, IH) ppm 
a-121) 

10 mp 180 to 182 °C; NMR (CDCI3) 6 1.26 (d, J = 6.3Hz, 12H), 1.99 (s, 12H), 3.47 (s, 2H), 3.68 
(sept, J = 6.3Hz, 2H), 6.65 (d, J = 8.6Hz, 4H), 6.97 (d, J = 8.6Hz, 4H) ppm; IR (KBr): 3392, 
1612, 1520, 1313, 1290, 1182, 810 cm"!, 
a- 122) 

mp 151 to 153 °C; IR NMR (CDCI3) 6 1.27 (d, J=6.0Hz, 12H), 1.96 (s, 3H), 1.97 (s, 3H), 2.01 (s, 
15 3H), 3.68 (m, 2H), 3.20-3.78 (bs, 2H), 4.90 (s, IH), 6.67 (bd, J=6.9Hz, 2H), 6.71 (d, J= 8,4Hz, 
2H), 6.97 (d, J=7.8Hz, 2H), 7.11 (d, J=8.4Hz, 2H) ppm, IR (KBr): 3504, 3397, 2965, 2923, 
2869, 1610, 1519, 1461, 1413, 1382, 1317, 1292, 1245, 1180, 1126, 1074, 815 cm"! 
a- 123) 

mp 165 to 167 °C; NMR (CDCI3) 6 1.27 (d, J=6.0Hz, 12H), 2.06 (s, 6H), 3.32 (s, 6H), 3.69 
20 (sept, J=6.0Hz, 2H), 6.75 (br s, 4H), 7.14 (br d, J=8.4Hz, 4H) ppm. 
a- 124) 

mp 192 to 194 °C; NMR (CDCI3) 6 1.26 (d, J=6.6Hz, 12H), 1.99 (s, 6H), 2.06 (s, 3H), 3.32 (s, 
3H), 3.48 (br s, 2H), 3.68 (sept, J=6.6Hz, 2H), 6.66 (d, J=8.4Hz, 4H), 6.96 (d, J=8.4Hz, 2H), 7.12 
(br d, J=8.4Hz, 2H) ppm. 
25 a-125) 

mp 102 to 104 °C; NMR (CDCI3) 5 1.25 (d, J=6.3Hz, 6H), 1.26 (d, J=6.0Hz, 6H), 2.04 (s, 6H), 
2.21 (s, 3H),3.50 (brs, 2H), 3.63-3,72 (m, 2H), 6.62-6.67 (m, 4H), 6.96 (d, J=8.7Hz, 2H), 7.01 (s, 
IH), 7.17 (d, J=8.4Hz, 2H) ppm, IR (KBr): 3377, 2964, 2921, 1612, 1521, 1482, 1463, 1382, 
1315, 1290, 1245, 1184, 825 cm'l 



a- 126) 

mp 113 to 115 °C; NMR (CDCI3) 61.73 (s,6H), 1.77 (s, 6H), 2.20 (s, 6H), 3.72 (d, 4H, 
J=6.6Hz), 4.07 (br s, 2H), 5.36 (t, J=6.6Hz, 2H), 6.40 (dd, J=12.3, 2.3Hz, 2H), 6.46 (dd, J=8.1, 
2.3Hz, 2H), 7.05-7.10 (m, 4H) ppm. 
5 a- 132) 

mp 72 to 73 °C; NMR (CDCI3) 6 1.74 (s, 3H), 1.77 (s, 3H), 1.80 (s, 6H), 2.05 (s, 3H), 2.09 (s, 
3H), 2.26 (s, 3H), 3.72 (d, J= 6.6Hz, 2H) , 4.94 (d, J= 6.9Hz, 2H), 5.35-5.39 (m, IH), 5.57-5.62 
(m, IH), 6.50-6.54 (m, 2H), 6.93 (d, J = 7.8Hz, IH), 7.05 (s, IH), 7.07 (s, IH), 8.54 (s, 2H) ppm. 
a-133) 

10 mp 111 to 112°C. IH-NMR :5(CDCl3):1.07(3H,s) 1.09(3H,s) 1.73(3H,s) 1.77(3H,s) 1.97(3H,s) 
198(3H,s) 2.06(3H, s) 2.18(lH,m) 3.32(3H,s) 3.76(2H,d,J=6.9Hz) 3.87(2H, 
d,J=6.9Hz),5.40(lH,m),5.69(lH,brs), 6.63(lH,dd,J=2.1,J=8.1) 6.73(2H,d,J=8.lHz) 6.77(1H, d, 
J=2.lHz) 6,90(1H, d,J=8.4Hz) 7.14(2H, d, J=7.5Hz) ppm. 

15 Reference Example 11 Synthesis of prodrug of Compounds (1-6) 




prodrug of 1-6 



(Step 1) Synthesis of CompoTxnd (32) 

Compoimd (1-6) obtained ia Reference Example 1 (444 mg, 1 mmol) was dissolved in 
anhydrous ether (40 ml) and cooled on ice, stirred under nitrogen flow while being 
20 treated successively with chloromethyl chloroformate (194 mg, 1 mmol) and 

triethylamine (210 ml, Immol), and then the ice bath was removed and the mixture 
was stirred further for 4 hours. The precipitate ia the reaction mixture was filtered off, 
and the mixture was washed with water and dried over anhydrous sodiiun sulfate, and 
the solvent was distilled off under reduced pressure, whereby obtaining 540 mg of 
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CompoTmd (32) as an oil. 

Anal Calcd for C31H34N2O3FCI: C, 69.33; H, 6.38; N, 5.22; F, 3.54; Gl, 6.60. 
Found: C, 68.85; H, 6.42; N, 5.21; F, 3.58; CI, 7.06. 
(StBp 2) Synt±Lesis of prodrug of Compounds (1-6) 
5 A mixture of glycolic acid (38 mg, 0.5 mmol), potassiiim carbonate (35 mg, 0.25 

mmol) and N, N-dimethylformamide (1 mL) was stirred under reduced pressure at 
room temperature for 10 minutes, and then treated with a solution of Compound (32) 
(54 mg, 0.1 mmol) in N, N-dimethyhbrmamide (0.5 ml) followed by potassium bromide 
(12 mg, 0.1 mmol) and then stirred vigorously under argon atmosphere for 20 hom-s. 

10 The reaction mixture was diluted with ether (5 ml), and the sohd was filtered off, and 

the mixture was washed with water and dried over anhydrous sodimn sulfate, and then 
the solvent was distilled off under reduced pressvu-e to obtain a crude product, which 
was purified by a chromatography on sihca gel (eluent: hexane:ethyl acetate = 2:1) to 
obtain 27 mg of a prodrug of Compound (1-6) as an oil. 

15 iHNMR (CDCI3): 6 1.58 (3H, s), 1.73 (3H, s), 1.80 (3H, s), 1.82 (3H, s), 2.20 (3H, s), 2.28 
(3H, s), 2.33 (IH, bs), 4.25 (2H, bs), 4.30 (2H, d, J = 6.9Hz), 4.88 (2H, d, J = 6.9Hz), 5.30 
(IH, bt, J = 6.9Hz), 5.58 (2H, bt, J = 6.9Hz), 5.90 (2H, bs), 6.83 (IH, d, J = 8.4Hz), 6.95- 
7.30 (3H), 7.13 (2H, bs), 7.60 (IH, dd, J = 8.4Hz, 2.4Hz), 8.18 (IH, d, J = 2.4H2) ppm. 
Anal Calcd for C33H37N2O6F: C, 68.73; H, 6.47; N, 4.86; F, 3.29. 

20 Found: C, 68.59; H, 6.68; N, 4.98; F, 3.25. 

Experiment 1 Inhibitory effect on induction of differentiation from ThO cells to Th2 
cells 

1. Animals 

25 In an experiment to induce the differentiation from ThO cells to Th2 cells, 9 to 

11 week-old female mice of BALB/cCrSlc purchased from Japan SLC, Inc. or of 
BALB/cAnJSrCrj pinrchased from Charles River Japan, Inc. were used. 

In an experiment to induce the differentiation from ThO cells to Thl ceUs, 8 
week-old female mice of C57BL/6NCrj purchased from Charles River Japan, Inc. were 
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used. 

2. Immiaiiization and administration of inventive compounds 

In an experiment to induce the differentiation from TliO cells to Th2 cells, a 
5 DNP-As (dinitrophenylated Ascaris protein (porcine ascarid extract protein)) was used 
as an antigen, 10 ixg of which and 250 jxg of Alinn (alumiaum hydroxide adjuvant) in 
physiological saline ia the final volume of 50 |xl was injected iato the soles of the both 
hind legs of each mouse, whereby effecting immunization. In a negative control group, 
each animal was treated similarly by an iajection of 50 \d of physiological saline. 6 

10 Days after injection, two pophteal lymph nodes were removed irom right and left knees, 
and passed through a metal mesh (200 mesh size) in Hanks' balanced salt solution 
(HBSS) to prepare a ceU suspension. In the group treated with physiological saline, 
preparations from two animals were combined and subjected to the experiment because 
of a small cell number. A compound according to the invention was suspended ia 0. 5% 

15 methylcellulose (MC) and 0. 1 ml per 20 g mouse was given orally every day over a 
period from the day of immunization through the 5th day. The immunized vehicle 
contiol group and the negative control group were treated with the same volume of 
0.5% MC. 

On the other hand, ia an experiment to induce the differentiation from ThO 
20 cells to Thl cells, a non-viable Mycobacteriimi tuberculosis H37RA (DIFCO) was 
suspended in physiological salLne, and 125 [xg/50 was used for immimization as 
described above. In the group treated with physiological saline, the preparations from 
4 animals were combined and subjected to the experiment. 

25 3. Intracellular cytokines detection by FACS method 

Cells prepared from pophteal lymph nodes of these mice were suspended at 1 - 
2 X 10^ cells/ml (1-2 ml) in an RPMI 1640 mediiun (containing 10% fetal bovine serxnn - 
FBS and 50 \xM 2-mercaptoethanol) and supplemented with PMA (Phorbol 12- 
Myristate 13-Acetate) at the final concentration of 50 ng/ml and 250 ng/ml A23187 (Ca 
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ionophore) and then incubated at 37°C in the presence of 5% COg. After incubating for 
4 hours, Brefeldin A was added at the final concentration of 10 ^g/ml and the mixture 
was incubated further for 2 hours. The cells were recovered and washed twice with a 
staining biiffer CPBS containing 1% FBS and 0.1% sodium azide) and suspended in 100 
5 |xl of the staining buffer containing 5 [og/ml of Fc Block (rat anti-mouse CD 16/CD32 
purified monoclonal antibody, Pharmmgen) and incubated on ice for 5 miautes to block 
the non-specific adsorption of the labeled antibody, and then combiaed with an equal 
volume of a Cy-Chrome-labeUed rat anti-mouse CD4 monoclonal antibody 
(Pharmingen) which had been 200-fold diluted with the staining buffer and incubated 

10 on ice for 30 miautes. After washing three times with the staining buffer, the cells 

were suspended in PBS and combined with an equal volinne of a fixation solution (4% 
p-formaldehyde) and incubated at 4°C overnight, whereby eflBCting the fixation. The 
fixed cells thus obtained were washed twice with the staining buffer and suspended in a 
permeabilazation bxiffer (PBS containing 1% FBS, 0.5% saponin and 0.1% sodiiun 

15 azide) and incubated on ice for 10 minutes, and then each cell sample was recovered as 
being divided into two equal portions. Each portion was suspended in 100 [d of the 
permeabilazation buffer containing 5 ng/ml Fc Block and incubated on ice for 5 minutes 
to block the non-specific adsorption of the labeled antibody into the cells. One portion 
was combined with each 100 jol of an FlTC-labehed rat anti-mouse IFNy monoclonal 

20 antibody (Pharmingen) and a PE-labeled rat anti-mouse IL-4 monoclonal antibody 
(Pharmingen) each had been 50-fold diluted with the permeabilazation buffer and 
incubated on ice for 30 miautes. The other portion, serving as a control representing 
the non-specific adsorption of the labeled antibody, was combined with each 100 jxl of 
each control antibody at the same concentration, i.e., an FITC-labeUed rat IgGlK 

25 purified antibody (Pharmingen) and a PE-labeled rat IgGlK purified antibody 

(Pharmingen) to effect the similar staining. After washing three times with the cell 
membrane permeation buffer and twice with the staining buffer, the cells were 
suspended in 500 \xl of the staining buffer and transferred through a nylon mesh into a 
FAGS analysis tube. 



FACScan (Nippon Becton Dickinson Company Ltd.) was used to determine the 
percentage of IFNy positive cells (Thl) and the percentage of IL-4 positive eels (Th2) in 
CD4 positive T cells, from each of which the percentage of non-specific positive cells 
stained by a control antibody was subtracted to obtain % Thl and % Th2, while ia the 
5 Th2 differentiation experiment a Th2/Thl cell ratio was determined, and then based on 
these data the eSect of a compound according to the invention of the diiferentiation 
from ThO to Thl or Th2 was investigated. The signiJELcant difference was analyzed by 
Dunnett multiple comparison test and Student t test. The results are shown in Tables 
13 and 14. 
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Table 13 

Effect of compounds on change in%Thl,%Th2 and Th2/Thl in pophteal lymph node 6 
days after immunization of BALB/c mice with DNP-As 



15 



Immunization 
method 


Compound 


Dose 
(mg/kg) 


%Th2 


%Thl 


Th2/Thl 


Physiological 
saline 






0.05±0.01## 


0.36±0.06 


0.14±0.02## 


DNP-As/Alum 


Control 




1.37±0.17 


0.37±0.01 


3.75±0.52 


1-80 


40 


0.07 ±0.03** 


0.29 ±0.03 


0.27±0.12** 


1-89 


10 


-0.04±0.00** 


0.23±0.02 


-0.19±0.01** 


1-102 


40 


-0.01 ±0.01** 


0.34±0.09 


-0.05 ±0.06** 




Immunization 
method 


Compound 


Dose 
(mg/kg) 


%Th2 


%Thl 


Th2/rhl 


Physiological 
sahne 






0.00±0.00# 


0.27±0.07# 


-0.01±0.01## 


DNP-As/Aliun 


Control 




0.99±0.29 


0.60±0.08 


1.58±0.28 


1-6 


2.5 


1.41±0.10 


0.70±0.02 


2.03±0.20 


10 


0.15±0.01* 


0.54±0.05 


0.29 ±0.02** 


40 


0.03 ±0.03** 


0.66 ±0.02 


0.04±0.05** 




Immunization 
method 


Gompotmd 


Dose 
(mg/kg) 


%Th2 


%Thl 


Th2^hl 


Physiological 
sahne 






0.04±0.01## 


0.33±0.02## 


0.13±0.02## 


DNP-As/Alum 


Control 




1.34±0.19 


0.56±0.04 


2.35±0.16 



75 





1-55 


40 


0.05 ±0.02** 


0.53 ±0.05 


0.09 ±0.03** 




1-90 


40 


0.08±0.03** 


0.40±0.02 


0.22±0.09** 




1-132 


40 


0.05±0.02** 


0.46±0.07 


0.12 ±0.04** 




1-133 


40 


0.20±0.05** 


0.45±0.03 


0.45 ±0.09** 



% Thl and % Th2 axe the values after subtracting the percentage positive for the 
negative control antibody (n=3). 

*p<0.05, **p<0.01 vs control group (Dunnett's test), #p<0.05, ##P<0.01 vs control group 
(Student's t-test). 
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Table 14 

Effect of compounds on change in %Thl and %Th2 in pophteal lymph node 6 days after 
immunization of C57BL/6N mice with non-viable Mycobacterium tuberculosis 



Immunization 
method 


Compoimd 


Dose 
(mg/kg) 


%Thl 


%Th2 


Physiological sahne 






0.28± 0.09## 


-0.20± 0.19 


M. tuberculosis 


Control 




1.22± 0.10 


0.13± 0.11 


1-6 


40 


1.03± 0.10 


0.03± 0.02 


1-80 


40 


0.93± 0.11 


0.02± 0.04 


1-89 


10 


0.70± 0.20 


0.02± 0.06 


1-102 


40 


0.82± 0.16 


0.07± 0.04 



10 % Thl and % Th2 are the values after subtracting the percentage positive for the 
negative control antibody (n=3). 
##P<0.01 vs control group (Student's t-test) 

Results 

15 As shown in Table 13, the CD4 positive T cells in the pophteal lymph node of 

BALB/c mice immunized with DNP-As exhibited an increase in the % Th2 and in the 
Th2/Thl ratio when compared with the non-immunized group received the injection 
only of physiological saline, thus vahdating the induction of the Th2-domiaant 
differentiation. Against such induction, each of Compounds 1-55, 1-80, 1-90, 1-102, 1- 

20 132 and 1-133 at 40 mg/kg and 1-89 at 10 mg/kg significantiy inhibited the increase in 
the %Th2 and in the Th2/Thl ratio when given orally for consecutive 6 days after 
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immunization, resulting in the correction from the Th2-dominant condition. 
Compound 1-6 signiiicaatly inhibited the increase in the %Th2 and in the Th2/rhl ratio 
at a concentration of 10 mg/kg or higher, resulting in the correction from the Th2- 
dominant condition. 

5 On the other hand, as shown in Table 4, the CD 4 positive T cells in the 

popHteal lymph node of C57BL/6 mice immunized with non-viable Mycobacterium 
tuberculosis exhibited a selective increase in the %Thl when compared with the non- 
immimized group received the injection only of physiological saline, thus vaMdating the 
induction of the Thl-dominaut differentiation. Against such iaduction, any of 
10 Compounds 1-6, 1-80, 1-89 aad 1-102 showed no effect on the increase in the %Thl. 

Accordingly, the compoimds according to the invention were revealed to have 
the selective inhibitory eifect on the differentiation from ThO to Th2. 



Example 1 Tablet 

15 Compound (1-6) 15 mg 

Starch 15 mg 

Lactose 15 mg 

Crystalline cellulose 19 mg 

Polyvinyl alcohol 3 mg 

20 DistQled water 30 ml 

Calcium stearate 3 mg 



The components other than calciimi stearate were mixed uniformly, pulverized 
and dried to form a granule of an appropriate particle size. Subsequently, calcixmi 
25 stearate was added and the mixture was compressed into a tablet. 

Example 2 Granule 

Compound a-80) 30 g 

Lactose 265 g 
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Magnesilun stearate 



5g 



The components were mixed well and compressed and then pulverized, sized 
and sieved to obtain a granule of an appropriate particle size. 

Example 3 Cap side 

Compound (1-89) 10 g 

Heavy magnesiimi oxide 20 g 

Lactose 70 g 

The components shown above were mixed weU into a particulate or fine 
particulate powder, and filled in a capsule. 

Industrial apphcabihty 

As evident from Experiments described above, any of the compounds according 
to the invention exhibited an inhibitory effect on the differentiation firom ThO cells to 
Th2 ceUs, and thus is extremely useftd as Th2 ceU differentiation inhibitors and as 
therapeutic agents against autoimmune diseases. 
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Claims 



1 . A pharmaceutical composition for use as a Tli2 differentiation inhibitor 
comprisiag a compound represented by Formula (I): 



5 




wiierein each of ring A, ring B and riag C is independently an optionally substituted 
aromatic carbocychc ring or an optionally substituted 5- or 6-membered heterocycHc 
ring which may be fused with a benzene ring, and 

when ring A, ring B and/or riag C is an optionally substituted 5-membered heterocychc 
10 rmg, W\ W and/or is a bond; 

X is a siugle bond, -0-, -CHg-, -NR^- (whereia is hydrogen, optionally substituted 
lower alkyl, lower altenyl or lower alkylcarbonyl) or -S(0)-p- wherein p is an integer of 
0to2; 

Y is hydrogen, optionally substituted lower alkyl, optionaEy substituted lower aJkoxy, 
15 optionally substituted lower altenyl, optionally substituted lower alkynyl, optionally 

substituted acyl, optionally substituted cycloaliyl, optionally substituted cycloalkenyl, 
optionally substituted lower alkoxycarbonyl, optionally substituted sulfamoyl, 
optionally substituted amino, optionally substituted aryl or optionally substituted 5- or 
6-membered heterocycHc group; 
20 and Y taken together may form -(CH2)m-, -(CH2)2-T-(CH2)2- whereia T is O, S or NR', 
-CR'=CH-CH=CR'-, -CH=N-CH=CH-, -N=CH-N=CH-, .C(=0)-0-(CH2),-, -C(=0)-NR'- 
(CH^j.- or -C(=0)-NR'-N=CH- whereia m is 4 or 5, r is 2 or 3 and R' is hydrogen, lower 
alkyl or lower alkenyl; 

Y may be halogen when X is -CHg- or -NR^- and 

25 Y may be optionally substituted lower alkylsulfonyl or optionally substituted 
arylsulfonyl when X is -0- or -NR^-; 

one of and is a smgle bond and the other is -0-, -NH-, -OCH2-, -CH2O-, -CH=CH-, - 
C=C-, -CH(0R2)-wherein R^ is hydrogen or lower alkyl, -CO-, -NHCHR^- or -CHR^NH- 



whereia is hydrogen or hydroxy, 

or a prodrug, pharmaceutically acceptable salt or solvate thereof. 

2. The pharmaceutical composition for use as a Th2 differentiation inhibitor 
as claimed in Claim. 1 whereia X is -0- or -NR^- wherein is hydrogen, lower alhyl or 

5 lower alkenyl. 

3. The pharmaceutical composition for use as a Th2 differentiation inhibitor 
as claimed in Claim. 1 wherein Y is optionally substituted lower alkyl or optionally 
substituted lower alkenyl. 



10 as claimed in Claim 1 wherein both of and are single bonds. 

5. A pharmaceutical composition for use as a Th2 differentiation inhibitor 
comprising a compound represented by Formula (la): 



wherein each of R*, R^, R*^, R', R^ R^, R^° R", R'^ R'^ R" and R^^ is independently 
15 hydrogen, halogen, hydroxy optionally substituted lower alkyl, optionally substituted 
lower alkoxy carboxy or lower alkoxycarbonyl; 
each of and X^ is independentiy -0-, -CHg- or -NH-; 

each of and Y^ is independentiy optionally substituted lower alkyl, optionally 
substituted arylaJkyl or optionally substituted lower alkenyl, 
20 or a prodrug, pharmaceutically acceptable salt or solvate thereof. 

6. A pharmaceutical composition for use as a Th2 differentiation inhibitor 
comprising a compoim.d represented by Formiila (lb): 



whereui ring C is an optionally substituted 5- or 6-membered heterocychc ring 
25 containing 1 or 2 hetero atoms, and when ring C is a 5-membered heterocychc ring, 



4. The pharmaceutical composition for use as a Th2 differentiation inhibitor 




(la) 




(lb) 
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is a bond and other symbols have the meanings defined in Claim 5, 
or a prodrug, pharmaceutically acceptable salt or solvate thereof. 

7. A pharmaceutical composition for use as a Th2 differentiation inhibitor 
comprising a compound represented by Formula (Ic): 



wherein each of ring A, ring B and ring C is independently an optionally substituted 
benzene ring or an optionally substituted 5- or 6-membered heterocychc riag containing 
1 or 2 heteroatoms, and 

when ring A, riag B and/or ring C is an optionally substituted 5-membered heterocychc 
10 ring, and/or W is a bond; 

and have the meanings defined in Claim 5; 
XMs-O-or-NH-; 

each of and is independently hydrogen, optionally substituted lower alkyl, 
optionally substituted lower alkenyl, optionally substituted aryl, optionally substituted 
15 cycloalkyl, optionally substituted acyl, optionally substituted lower alkoxycarbonyl or 
optionally substituted lower alkylsulfonyl, or they are taken together to form R°R'^C= or 

each of R° and R*^ is independently hydrogen, optionally substituted lower alkyl, 
optionally substituted lower alkenyl, optionally substituted lower alkynyl, optionally 

20 substituted lower alkoxy optionally substituted lower alkylthio, optionally substituted 
lower alkenyloxy optionally substituted lower alkynyloxy, optionally substituted 
cycloalkyl, optionally substituted aryl or optionally substituted 5- or 6-membered 
heterocyclyl or they are taken together with a carbon atom to which they are attached 
to form optionally substituted cycloalkyhdene; 

25 each R'' is independently hydrogen, lower alkyl, lower alkoxy or amino, and each R^is 
rndependentiy hydrogen, lower alkyl, lower alkoxy or amino; 
n is an iateger of 0 to 2 and s is an integer of 2 to 6, 



5 




(Ic) 
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or a prodrug, pharmaceutically acceptable salt or solvate thereof. 

8. The pharmaceutical composition for use as a Th2 differentiatioii. inhibitor 
as claimed in Claim 1, 2, 3, 4 or 7 wherein ring A is an optionally substituted benzene 
ring. 

5 9. The pharmaceutical composition for use as a Th2 differentiation inhibitor 

as claimed ia Claim 1, 2, 3, 4 or 7 whereta ring B is an optionally substituted benzene 
ring. 

10. The pharmaceutical composition for use as a Th2 differentiation inhibitor 
as claimed in Claim 1, 2, 3, 4, 6 or 7 wherein riQg C is an optionally substituted benzene 

10 ring, an optionally substituted pyridine ring, an optionally substituted pyrimidine riag, 
an optionally substituted pyridaziae ring or an optionally substituted pyrazine ring. 

11. The pharmaceutical composition for use as a Th2 differentiation inhibitor 
as claimed in Claim 5 or 6 wherein one of R'* and is hydrogen, hydroxy or lower alkyl 
and the other is hydrogen or halogen, and both of R® and are hydrogens. 

15 12. The pharmaceutical composition for use as a Th2 differentiation inhibitor 

as claimed in Claim 5 or 6 whereui each of R® and R" is independently hydrogen, 
hydroxy, lower alkyl or lower alkoxycarbonyl, and each of R^ and R^° is independently 
hydroxy, lower alkyl, lower alkoxy or lower alkoxycarbonyl. 

13. The pharmaceutical composition for use as a Th2 differentiation inhibitor 
20 as claimed in Claim 5 wherein each of R^^, R^^ R^"* and R^^ is uidependently hydrogen or 

halogen. 

14. The pharmaceutical composition for use as a Th2 differentiation inhibitor 
as claimed in Claim 5 or 6 wherein one of and is -0- and the other is -NH-. 

15. The pharmaceutical composition for use as a Th2 differentiation inhibitor 
25 as claimed ta Claim 5 or 6 wherein each of and is hidependentiy optionally 

halogen-substituted lower alkyl or optionally halogen-substituted lower alkenyl. 

16. The pharmaceutical composition for use as a Th2 differentiation iohibitor 
as claimed in Claim 5 or 6 wherein one of -X^-Y^ and -X^-Y^ is prenylamino and the 
other is prenyloxy. 
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17. The pharmaceutical composition for use as a Th2 differentiation inhibitor 
as claimed in Claim 6 or 7 which is a therapeutic and/or prophylactic agent against an 
autoimmune disease. 

18. The pharmaceutical composition for use as a Th2 differentiation inhibitor 
as claimed in any one of Claims 1 to 16 which is a therapeutic and/or prophylactic agent 
against ulcerative colitis, myasthenia gravis or lupus nephritis. 

19. A method for treating and/or preventing a disease caused by Th2 cells or 
cytokines produced by Th2 ceUs comprisiag administering the compound represented by 
Formula (J) according to Claim 1 or a prodrug, pharmaceutically acceptable salt or solvate 
thereof. 

20. A method for inhibiting the differentiation from ThO cells to Th2 cells 
comprising administering the compound represented by Formula (I) according to Claim 1 
or a prodrug, pharmaceutically acceptable salt or solvate thereof. 

21. Use of the compound represented by Formula (T) according to Claim 1 or a 
prodrug, pharmaceutically acceptable salt or solvate thereof for producing a medicament 
for treating and/or preventing a disease caused by Th2 cells or cytokines produced by Th2 
cells. 

22. Use of the compound represented by Formula (I) accordiag to Claim 1 or a 
prodrug, pharmaceutically acceptable salt or solvate thereof for producing a medicament for 
inhibiting the differentiation from ThO ceUs to Th2 cells. 

23 (NEW). A pharmaceutical composition for use as a Th2 differentiation 
inhibitor comprising a compound represented by Formula (lb): 



wherein ring C is an optionally substituted 6-membered heterocychc ring containing 1 or 2 
hetero atoms and other symbols have the meanings defined in Claim 5, 
or a prodrug, pharmaceutically acceptable salt or solvate thereof. 




(lb) 
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